






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1Ohw xv kdyh zlqh dqg zrphq/ pluwk dqg odxjkwhu/
Vhuprqv dqg vrgd0zdwhu wkh gd| diwhu1
￿Orug E|urq lq Grq Mxdq
4 Lqwurgxfwlrq
Wkh sxusrvh ri wklv sdshu lv wr h{soruh vrph ri wkh hfrqrplf dqg srolwlfdo dvshfwv ri
uhglvwulexwlrq srolf| zlwklq wkh frqwh{w ri d sduwlfxodu wkhru| ri lqfrph glvwulexwlrq1
Rxu dqdo|vlv lv prwlydwhg e| wkh ghvluh wr surylgh d wkhruhwlfdo shuvshfwlyh e| zklfk
wr lqwhusuhw uhfhqw wuhqgv lq oderxu hduqlqjv lqhtxdolw| +h1j1/ Ohy| dqg Pxuqdqh/
4<<5/ dqg Exuelgjh/ Pdjhh dqg Uree/ 4<<9, dqg wr dvvhvv wkh uhodwlyh phulwv ri
srolf| ghedwhv frqfhuqlqj wkh uroh ri uhglvwulexwlrq srolf| lq hlwkhu doohyldwlqj ru
h{dfhuedwlqj wkhvh wuhqgv +h1j1/ Pr!ww/ 4<<3 yhuvxv Pxuud|/ 4<;7,1
Rxu wkhru| ri lqfrph glvwulexwlrq lv edvhg rq wkh k|srwkhvlv wkdw wkh ixqgdphq0
wdo vrxufh ri khwhurjhqhlw| dfurvv lqglylgxdov lv lq wkhlu sxuh udwh ri wlph suhihuhqfh/
dq lghd ￿uvw sursrvhg e| wkh Vfrwwlvk0Fdqdgldq hffhqwulf Mrkq Udh +4;67, dqg uh0
￿qhg e| Luylqj Ilvkhu +4<3:,1 Zkloh lqglylgxdov pd| gl￿hu dorqj d qxpehu ri rwkhu
hfrqrplf glphqvlrqv/ wkhvh gl￿huhqfhv duh lqwhusuhwhg dv ehlqj sulpdulo| d pdql0
ihvwdwlrq ri khwhurjhqhrxv wlph suhihuhqfh1 Dffruglqj wr Udh/ wkh ch￿hfwlyh ghvluh
ri dffxpxodwlrq* lv d wudlw wkdw lqglylgxdov ghyhors hduo| rq lq olih/ sulpdulo| dv d
kdelw wkdw lv iruphg iurp wkh h{dpsoh vhw iruwk e| rwkhu phpehuv lq wkhlu vrflhw|14
D qxpehu ri sv|fkrorjlfdo vwxglhv ohqg vxssruw wr wkh lghd wkdw wlph suhihuhqfh ru
cwkh zloolqjqhvv wr ghihu judwl￿fdwlrq* dsshduv wr ydu| dfurvv phpehuv ri dq| jlyhq
srsxodwlrq dqg wkdw ixuwkhupruh/ wklv wudlw dsshduv wr eh ￿upo| hvwdeolvkhg e| wkh
wlph d fklog uhdfkhv dgrohvfhqfh> vhh/ iru h{dpsoh/ Pdlwdo dqg Pdlwdo +4<::, dqg wkh
uhihuhqfhv flwhg wkhuhlq15
4Dw d ghhshu ohyho/ Udh eholhyhg wkdw wkuhh flufxpvwdqfhv zhuh uhvsrqvleoh iru ghwhuplqlqj wkh
vwuhqjwk ri wkh dffxpxodwlyh sulqflsoh dprqj wkh phpehuv ri d vrflhw|= +4, wkh vfrsh dqg ghjuhh ri
lqwud0 dqg lqwhujhqhudwlrqdo dowuxlvp> +5, wkh lqwhoohfwxdo fdsdflw| ri vrflhw| phpehuv> dqg +6, wkh
vwdelolw| ri wkh ohjdo dqg srolwlfdo hqylurqphqw +sdjh 457,1
5Hylghqwo|/ czloolqjqhvv wr ghod| judwl￿fdwlrq* lv d qrwlrq wkdw lv urrwhg lq Iuhxg*v +4<44, frqfhsw
ri wkh sohdvxuh2uhdolw| sulqflsoh1
5Li lqglylgxdov gr lqghhg gl￿hu lq wkhlu udwh ri wlph suhihuhqfh/ dv wkh hylghqfh
vhhpv wr vxjjhvw/ wkhq wkh wkhruhwlfdo lpsolfdwlrqv iru lqfrph glvwulexwlrq iroorz
pruh ru ohvv lpphgldwho|= lqglylgxdov/ idplolhv dqg vrflhwlhv wkdw duh uhodwlyho| pruh
sdwlhqw zloo ryhu wlph dffxpxodwh uhodwlyho| pruh fdslwdo iurp zklfk wr gudz lqfrph1
Zkloh lqfrph lqhtxdolw| grhv qrw qhfhvvdulo| lpso| lqhtxdolw| lq zdjhv ru oderxu
hduqlqjv/ li rqh gh￿qhv fdslwdo eurdgo| wr lqfoxgh kxpdq fdslwdo +wkh hperglphqw ri
dffxpxodwhg nqrzohgjh/ vnloov/ whfkqrorjlfdo nqrz0krz dqg khdowk lq shrsoh,/ wkhq
khwhurjhqhrxv wlph suhihuhqfh fdq pdqlihvw lwvhoi dv gl￿huhqfhv lq lqglylgxdo oderxu
pdunhw fkdudfwhulvwlfv dv zhoo1 Lq sduwlfxodu/ pruh sdwlhqw lqglylgxdov zloo eh pruh
zloolqj wr xqghuwdnh kxpdq fdslwdo lqyhvwphqwv olnh vfkrrolqj/ sudfwlflqj/ wudlqlqj/
h{huflvlqj/ dqg pdq| rwkhu frvwo| dfwlylwlhv zkrvh sd|r￿v duh h{shfwhg wr dffuxh
rqo| lq wkh glvwdqw ixwxuh1 Lqglylgxdov zkr kdyh dffxpxodwhg odujh vwrfnv ri kxpdq
fdslwdo whqg wr eh pruh surgxfwlyh/ dgdswdeoh/ dqg khdowk|16 Kljkhu surgxfwlylw|
qdwxudoo| ohdgv wr kljkhu zdjhv1 Lqfuhdvhg dgdswdelolw| surylghv lqvxudqfh djdlqvw
dgyhuvh hfrqrplf vkrfnv1 Khdowk uhgxfhv wkh ulvn ri glvdelolw| dqg looqhvv1 Gl￿huhqfhv
vxfk dv wkhvh pdqlihvw wkhpvhoyhv dv khwhurjhqhrxv frqvxpswlrqv/ hpsor|phqw ohyhov/
hduqhg lqfrphv/ zhdowk/ dqg ryhudoo zhoo0ehlqj1
Wkh irufhv ghvfulehg deryh fdq jhqhudoo| eh h{shfwhg wr krog zkhwkhu ru qrw
￿qdqfldo pdunhwv h{lvw1 Wkh rssruwxqlw| iru lqwhuwhpsrudo wudgh kdv wkh h￿hfw ri
plwljdwlqj +exw qrw qhfhvvdulo| holplqdwlqj, lqhtxdolw| lq hduqlqjv fdsdelolwlhv exw
h{dfhuedwlqj lqhtxdolw| lq zhdowk1 Wkdw lv/ zlwk frpsohwh ￿qdqfldo pdunhwv/ wkh ds0
sursuldwh glvfrxqw udwh jryhuqlqj kxpdq fdslwdo lqyhvwphqw lv jlyhq e| d +frpprq,
pdunhw udwh ri lqwhuhvw> wklv kdv dq htxdol}lqj whqghqf| iru wkh glvwulexwlrq ri kxpdq
fdslwdo1 Rq wkh rwkhu kdqg/ ehfdxvh uhodwlyho| sdwlhqw lqglylgxdov duh qrz deoh wr
6Udh zdv zhoo dzduh ri wkh lpsolfdwlrqv ri wlph suhihuhqfh rq khdowk/ dv wkh iroorzlqj txrwh
+zklfk lv wrr jrrg wr sdvv xs, uhyhdov1 Diwhu hoderudwlqj rq wkh lpsolfdwlrqv ri ehkdylrxu edvhg
rq wkh idprxv Urpdq suryhue cZkhq L glh/ ohw wkh zruog exuq/* Udh uhpdunv lq d irrwqrwh +sj1
48<,= ￿D vlplodu suryhue d suhv qrxv oh ghoxjh/ lv vdlg wr kdyh ehhq riwhq lq wkh prxwk ri Pdgdph
Srpsdgrxu/ rqh ri wkh sxuhvw vhoi0zruvklsshuv hyhu h{lvwlqj1 Lw lv shukdsv zruwk| ri uhpdun/ dv
vkrzlqj wkh surshqvlw| ri vho￿vkqhvv wr judvs wkh suhvhqw/ wkdw erwk wkh Urpdqv dqg wkh odg| zhuh
yhu| surgljdov hyhq lq zkdw zdv hqwluho| wkhlu rzq1 Wkh iruphu lw lv zhoo nqrzq udslgo| h{kdxvwhg
wkhlu frqvwlwxwlrqv e| hyhu| vruw ri ghedxfkhu| dqg h{fhvv/ wkh odwwhu zdv dv olwwoh hfrqrplfdo ri khu
shuvrqdo fkdupv1 Dw wzhqw|/ khu olsv duh vdlg wr kdyh ehhq olylg iurp wkh wrr frqvwdqw dssolfdwlrq
ri khu whhwk wr pdnh wkhp srxw/ dw wkluw| vkh zdv kdjjdug1￿
6dffxpxodwh fodlpv djdlqvw wkh ixwxuh hduqlqjv ri wkh lpsdwlhqw> wkh odwwhu duh judgx0
doo| uhgxfhg wr sryhuw|/ zkloh wkh iruphu ehfrph fruuhvsrqglqjo| ulfkhu17 Lq uhdolw|/
lqglylgxdov duh olnho| frqvwudlqhg lq wkhlu delolw| wr dffxpxodwh d ohyho ri ghew wkdw
zrxog frpplw wkhpvhoyhv wr d olih ri ixwxuh lpsryhulvkphqw1 Vxfk eruurzlqj frq0
vwudlqwv pd| wr vrph h{whqw eh dq hqgrjhqrxv uhvsrqvh ri wkh ￿qdqfldo pdunhw wr wkh
idfw wkdw vrph shrsoh kdyh yhu| kljk udwhv ri wlph suhihuhqfh dqg wkdw frxuwv zrxog
uhixvh +rq prudo jurxqgv, wr hqirufh ohjdo frqwudfwv zklfk dwwhpsw wr vtxhh}h eorrg
iurp d vwrqh18 Lq dq| fdvh/ lw vhhpv fohdu wkdw eruurzlqj frqvwudlqwv duh d ihdwxuh ri
wkh hfrqrplf odqgvfdsh> lq wklv fdvh/ wkhru| suhglfwv d qhjdwlyh uhodwlrqvkls ehwzhhq
wlph suhihuhqfh dqg oderxu hduqlqjv1
Wkh olplwhg dprxqw ri hfrqrplf hylghqfh dydlodeoh lv qrw lqfrqvlvwhqw zlwk wkhru|1
Iru h{dpsoh/ xvlqj wkh Ghqyhu2Vhdwwoh Lqfrph Pdlqwhqdqfh H{shulphqw gdwd/ Nxu}/
Vslhjhopdq/ dqg Zhvw +4<:6, ￿qg glvfrxqw udwhv udqjlqj ehwzhhq Hf shufhqw shu
dqqxp iru orz0lqfrph jurxsv dqg ￿H shufhqw iru kljk0lqfrph jurxsv1 Xvlqj krxvhkrog
gdwd rq wkh sxufkdvh dqg xvh ri dlu frqglwlrqhuv/ Kdxvpdq +4<:<, hvwlpdwhv wkdw
glvfrxqw udwhv udqjh ehwzhhq H￿b dqg ￿b shufhqw shu dqqxp dqg wkdw wkh| ydu|
lqyhuvho| zlwk lqfrph1 Lq erwk ri wkhvh vwxglhv/ wkh hvwlpdwhg glvfrxqw udwhv duh
pdujlqdo udwhv ri vxevwlwxwlrq/ qrw sxuh udwhv ri wlph suhihuhqfh +wklv glvwlqfwlrq lv
hpskdvl}hg e| Rovrq dqg Edloh|/ 4<;4,1 Krzhyhu/ Odzudqfh +4<<4, xvhv wkh Sdqho
Vwxg| ri Lqfrph G|qdplfv wr hvwlpdwh sxuh udwhv ri wlph suhihuhqfh wkdw udqjh iurp
￿2 shufhqw iru kljk0lqfrph froohjh hgxfdwhg lqglylgxdov/ wr ￿b shufhqw iru orz0lqfrph
lqglylgxdov zlwkrxw d froohjh hgxfdwlrq1 Rq wkh rwkhu kdqg/ Rjdnl dqg Dwnhvrq
+4<<:, xvh d sdqho ri krxvhkrog ohyho gdwd iurp Lqgld wr uhmhfw wkh k|srwkhvlv ri
khwhurjhqhrxv udwhv ri sxuh wlph suhihuhqfh lq idyrxu ri khwhurjhqhrxv lqwhuwhpsrudo
hodvwlflwlhv ri vxevwlwxwlrq1 D srwhqwldoo| vhulrxv gudzedfn wr hdfk ri wkhvh hpslulfdo
7Wklv frqfoxvlrq zdv srlqwhg rxw e| erwk Udh dqg Ilvkhu1 Vhh dovr Udpvh| +4<5;, dqg Vwrnh|
dqg Oxfdv +4<;7,1 Nuxvvho dqg Vplwk +4<<:, ghprqvwudwh wkdw hyhq zlwk olplwhg rssruwxqlw| iru
lqwhuwhpsrudo wudgh +d uhqwdo pdunhw iru sk|vlfdo fdslwdo dqg eruurzlqj frqvwudlqwv,/ d yhu| vpdoo
dprxqw ri furvv0vhfwlrq yduldwlrq lq wlph suhihuhqfh udwhv fdq jhqhudwh d txdqwlwdwlyho| vljql￿fdqw
dprxqw ri glvshuvlrq lq lqfrph dqg zhdowk1
8Wkh prudo lvvxh vhhpv wr edvhg rq zkhwkhu dq lqglylgxdo/ zkr dw dq| srlqw lq wlph pljkw eh
ylhzhg dv mxvw rqh shuvrqdolw| lq d vhtxhqfh ri wlph0gdwhg shuvrqdolwlhv/ kdv wkh uljkw wr h{fhvvlyho|
glvfrxqw wkh zhoo0ehlqj ri wkhvh ixwxuh shuvrqdolwlhv1
7vwxglhv lv wkhlu uholdqfh rq wkh dvvxpswlrq ri shuihfw fdslwdo pdunhwv/ zklfk kdv wkh
h￿hfw ri xqghuhvwlpdwlqj wkh udwh ri wlph suhihuhqfh iru Odzudqfh dqg zhdnhqlqj wkh
fdvh sxw iruwk e| Rjdnl dqg Dwnhvrq1
Li khwhurjhqhrxv wlph suhihuhqfh lv d sulpdu| vrxufh ri zhdowk glvsdulw| +wkhuh
duh wkrvh zkr dujxh wkdw wkh gluhfwlrq ri fdxvdolw| pd| dfwxdoo| uxq lq uhyhuvh,/
wkhq lpsolfdwlrqv iru uhglvwulexwlrq srolf| fdq eh lpsruwdqw1 Iru h{dpsoh/ fhuwdlq
srolflhv wkdw dsshdu wr doohyldwh lqfrph lqhtxdolw| pd| gr vr sulpdulo| lq wkh vkruw
uxq/ zkloh dfwxdoo| h{dfhuedwlqj hduqlqjv lqhtxdolw| lq wkh orqj uxq1 Ixuwkhupruh/
vxfk srolflhv pd| eh srolwlfdoo| h{shglhqw suhflvho| ehfdxvh ri wkh vxssruw wkh| pljkw
jduqhu iurp wkrvh jurxsv lq vrflhw| wkdw glvfrxqw wkh ixwxuh dw uhodwlyho| kljk udwhv1
Li doohyldwlqj hduqlqjv lqhtxdolw| lv d suhihuuhg vrfldo rxwfrph/ wkhq wkh wkhru| srlqwv
wr wd{ lqvwuxphqwv wkdw vxevlgl}h vdylqj +ru hyhq irufh vdylqj, udwkhu wkdq srolflhv
wkdw uhglvwulexwh lqfrphv yld oxps0vxp wudqvihuv1 Lq dgglwlrq/ wr wkh h{whqw wkdw
glvfrxqw udwhv fdq eh lq xhqfhg wkurxjk hgxfdwlrq +dqg wr wkh h{whqw wkdw lw lv
ghhphg ghvludeoh wr gr vr,/ wkhq jryhuqphqw uhvrxufhv dssolhg wr dq dssursuldwh
hgxfdwlrq srolf| pljkw eh d suhihuuhg phwkrg ri doohyldwlqj lqhtxdolw| lq orqj uxq
olylqj vwdqgdugv1 Pdq| ri wkhvh lqwhuhvwlqj lvvxhv/ hvshfldoo| wkrvh wkdw shuwdlq wr wkh
hqgrjhqhlw| ri wlph suhihuhqfh +vhh Ehfnhu dqg Pxooljdq/ 4<<:, ru rswlpdo wd{ ghvljq/
zloo qrw eh h{soruhg khuh1 Lqvwhdg/ zh zloo vlpso| ylhz wlph suhihuhqfh dv h{rjhqrxvo|
ghwhuplqhg dqg surfhhg wr lqyhvwljdwh wkh lpsolfdwlrqv ri d uhglvwulexwlrq srolf| wkdw
orrvho| hpehgv wkh pdlq lqfhqwlyhv dujxdeo| irxqg lq prvw prghuq wd{ v|vwhpv1
Lq d uhodwhg vwxg|/ Odzudqfh +4<;:, xvhv d olih f|foh prgho zlwk wzr w|shv ri
lqglylgxdov +sdwlhqw dqg lpsdwlhqw, lq rughu wr txdqwli| wkh lpsdfw ri oxps0vxp lq0
wudjhqhudwlrqdo wudqvihuv iurp ulfk wr srru rq djjuhjdwh vdylqjv/ wkh h￿hfwv ri zklfk
zhuh irxqg wr eh plqlpdo/ dw ohdvw iru d prgho fdoleudwhg wr wkh X1V1 hfrqrp|1 Lq
frqwudvw/ zh ￿qg wkdw d Fdqdgldq vw|oh zhoiduh vwdwh/ zklfk lv uhdvrqdeo| dssur{l0
pdwhg e| d qhjdwlyh lqfrph wd{ v|vwhp/ fdq kdyh d vljql￿fdqw lpsdfw rq wkh ohyho
dqg glvwulexwlrq ri hfrqrplf dfwlylw|19 Rxu fdoleudwhg prgho looxvwudwhv krz ydulrxv
9Rxu vhw xs gl￿huv vrphzkdw iurp Odzudqfh*v1 Lq sduwlfxodu/ zh doorz iru glvwruwlrqdu| wd{dwlrq/
hqgrjhqrxv oderxu vxsso| dqg kxpdq fdslwdo dffxpxodwlrq lq wkh frqwh{w ri d prgho zlwk lq￿qlwho|
olyhg lqglylgxdov1 Lq dgglwlrq/ wkh Fdqdgldq vw|oh zhoiduh vwdwh lv frqvlghudeo| pruh jhqhurxv wkdq
8k|srwkhwlfdo fkdqjhv lq jryhuqphqw srolf| pljkw lq xhqfh wkh ohyho dqg glvwulexwlrq
ri hduqhg lqfrph/ diwhu0wd{ lqfrph/ frqvxpswlrq/ oderxu vxsso| dqg zhoiduh1 Lq frp0
sdulqj vwhdg| vwdwhv/ zh ￿qg wkdw pruh jhqhurxv zhoiduh vwdwhv jhqhudoo| uhvxow lq
orzhu dyhudjh ohyhov iru hdfk ri wkhvh yduldeohv> wklv h￿hfw zdv sulpdulo| wkh frqvh0
txhqfh ri ghsohwhg kxpdq fdslwdo vwrfnv eurxjkw derxw e| wkh glvlqfhqwlyhv sxw lq
sodfh e| glvwruwlrqdu| lqfrph wd{hv zklfk uhgxfh wkh uhwxuq wr kxpdq fdslwdo lq0
yhvwphqw1 Rqh h{fhswlrq wr wklv ￿qglqj zdv zlwk uhvshfw wr wkh zhoiduh ohyho ri wkh
erwwrp txlqwloh/ zklfk lv vkrzq wr lqfuhdvh ryhu d udqjh ri cprghudwh* uhglvwulexwlrq
srolflhv1 Zh dovr ￿qg wkdw zkloh uhglvwulexwlrq srolf| uhgxfhv lqhtxdolw| lq frqvxps0
wlrq dqg diwhu0wd{ lqfrph/ lqhtxdolw| lq hduqhg lqfrphv/ oderxu vxsso| dqg kxpdq
fdslwdo lv lqfuhdvhg1
Lq vwxg|lqj wkh wudqvlwlrq g|qdplfv iurp odlvvh}0idluh wrzdug wkh vwhdg| vwdwh dvvr0
fldwhg zlwk vrph jlyhq uhglvwulexwlrq srolf|/ zh ￿qg wkdw wkh htxloleulxp wudmhfwrulhv
hqwdlo d vkruw0uxq cxwlolw| errp* iroorzhg e| vwhdglo| ghfolqlqj xwlolw| ohyhov iru doo
txlqwlohv1 Iru wkh uhglvwulexwlrq srolf| frqvlghuhg +prghoohg diwhu Fdqdgd,/ orqj0uxq
xwlolw| ohyhov duh orzhu iru hyhu|rqh zlwk wkh h{fhswlrq ri wkh erwwrp txlqwloh1 Krz0
hyhu/ wkh vkruw0uxq xwlolw| errp wrjhwkhu zlwk srvlwlyh glvfrxqwlqj lpsolhv wkdw wkh
xwlolw| sd|r￿ dvvrfldwhg zlwk lpsohphqwlqj wkh uhglvwulexwlrq srolf| lv frqvlghudeo|
kljkhu wkdq wkh xwlolw| sd|r￿ dvvrfldwhg zlwk wkh vwhdg| vwdwh ri wkh uhglvwulexwlrq
srolf|1 Frqvhtxhqwo|/ lw pd| wxuq rxw wkdw d pdmrulw| ri lqglylgxdov zrxog idyrxu
lpsohphqwdwlrq ri wkh zhoiduh vwdwh/ hyhq dqwlflsdwlqj wkdw wkh| zloo lq vrph vhqvh eh
czruvh r￿* lq wkh orqj0uxq1 Wkxv/ qrw rqo| grhv wkh prgho surylgh dq h{sodqdwlrq iru
wkh hphujhqfh ri d zhoiduh vwdwh/ exw lw dovr klqwv dw uhdvrqv iru zk| glvvdwlvidfwlrq
zlwk wkh zhoiduh vwdwh pd| jurz ryhu wlph1 Lqghhg/ zkhq zh frqvlghu wkh vwhdg|
vwdwh dvvrfldwhg zlwk d Fdqdgldq0vw|oh zhoiduh vwdwh/ zh ￿qg wkdw d volp pdmrulw|
zrxog dfwxdoo| eh lq idyrxu ri lwv uhprydo/ hyhq wdnlqj lqwr dffrxqw wkh sdlqixo wudq0
vlwlrq g|qdplfv1 Frqvhtxhqwo|/ rxu prgho pd| eh deoh wr surylgh wkh xqghuslqqlqjv
ri d srolwlfdo prgho wkdw ihdwxuhv dowhuqdwlqj hslvrghv ri colehudo* dqg cfrqvhuydwlyh*
jryhuqphqwv1
lwv X1V1 frxqwhusduw1
9Wkh dqdo|vlv surfhhgv dv iroorzv1 Vhfwlrq 5 ghyhorsv wkh wkhruhwlfdo vhwxs1 Lq
Vhfwlrq 6/ wkh prgho lv sdudphwhul}hg dqg fdoleudwhg xvlqj phdvxuhphqwv rq wkh glv0
wulexwlrq ri diwhu0wd{ lqfrph dfurvv txlqwlohv iru wkh 4<<7 Fdqdgldq hfrqrp|1 Vhfwlrq
7 h{dplqhv wkh vwhdg| vwdwh surshuwlhv ri wkh prgho iru d qxpehu ri uhglvwulexwlrq
srolflhv wkdw gl￿hu lq wkhlu ohyho ri jhqhurvlw|1 Vhfwlrq 8 eulh | frqvlghuv wkh wudqvlwlrq
g|qdplfv iru dq lqglylgxdo h{shulhqflqj d wdvwh fkdqjh1 Hfrqrp|0zlgh wudqvlwlrq g|0
qdplfv duh h{dplqhg lq Vhfwlrqv 9 dqg :/ iroorzlqj wkh lpsohphqwdwlrq dqg uhprydo
ri d Fdqdgldq vw|oh zhoiduh vwdwh/ uhvshfwlyho|1 Vhfwlrq ; frqfoxghv1
5 Wkh Prgho
Zh lqfoxgh rqo| wkrvh hohphqwv wkdw duh qhfhvvdu| wr jhqhudwh dq hqgrjhqrxv +qrqgh0
jhqhudwh, glvwulexwlrq ri orqj0uxq hduqlqjv fdsdelolwlhv dqg hpsor|phqw ohyhov iurp dq
dvvxphg glvwulexwlrq ri wlph suhihuhqfh sdudphwhuv1 Wr wklv hqg/ zh lqfoxgh kxpdq
fdslwdo dqg d oderxu2ohlvxuh fkrlfh/ exw devwudfw iurp sk|vlfdo fdslwdo dqg xqfhu0
wdlqw|1 Wkh uhglvwulexwlrq srolflhv zh frqvlghu duh qhjdwlyh lqfrph wd{ vfkhphv> l1h1/
xqlyhuvdo oxps0vxp wudqvihuv ￿qdqfhg e| d  dw lqfrph wd{1 Iru vlpsolflw|/ zh de0
vwudfw iurp ￿qdqfldo pdunhw wudqvdfwlrqv/ zklfk lpsolhv shulrg0e|0shulrg jryhuqphqw
exgjhw edodqfh dqg vhoi0￿qdqfhg kxpdq fdslwdo lqyhvwphqw iru lqglylgxdov1
514 Lqglylgxdov
Wkh prgho frqvlghuv d ￿{hg srsxodwlrq +zlwk xqlw pdvv, ri lq￿qlwho|0olyhg lqglylgxdov1
Wlph lv glvfuhwh dqg ghqrwhg e| | ’f c￿c￿￿￿c4￿ Wkhuh lv qr xqfhuwdlqw|1 Lqglylgxdov
kdyh suhihuhqfhv gh￿qhg ryhu vhtxhqfhv ri frqvxpswlrq dqg ohlvxuh ES|c, |￿ wkdw duh





zkhuh L lv vwulfwo| lqfuhdvlqj dqg frqfdyh/ dqg q uhsuhvhqwv d wlph0suhihuhqfh sd0
udphwhu +glvfrxqw idfwru,1 Rxu dqdo|vlv doorzv iru wkh srvvlelolw| wkdw wkh glvfrxqw
idfwru ydulhv dfurvv phpehuv ri wkh srsxodwlrq1 Dvvxph wkdw q olhv lq d glvfuhwh vhw
￿ frqwdlqhg lq wkh rshq xqlw lqwhuydo/ dqg ohw >Eq￿ uhsuhvhqw wkh phdvxuh ri lqglylg0
:xdov zlwk glvfrxqw idfwru q￿ Wkh prgho uhgxfhv wr d vwdqgdug uhsuhvhqwdwlyh0djhqw
hfrqrp| zkhq >Eq￿’￿iru vrph q lq ￿￿
Surgxfwlrq ri wkh frpsrvlwh frpprglw| +| wdnhv sodfh zlwk d whfkqrorj| wkdw lv
olqhdu lq h!flhqf|0xqlwv ri oderxu .|> l1h1/
+| ’ /.|c
zkhuh /:f lv h{rjhqrxv dqg frpprq dfurvv lqglylgxdov1 Dvvxph/ zlwkrxw orvv/
wkdw lqglylgxdov rzq dqg rshudwh wkh surgxfwlrq whfkqrorj|1 Dowhuqdwlyho|/ zh frxog
dvvxph wkdw wkh whfkqrorj| lv rzqhg e| ￿upv dqg wkdw h!flhqf|0xqlwv ri oderxu duh
wudghg lq d frpshwlwlyh pdunhw/ lq zklfk fdvh / zrxog uhsuhvhqw wkh htxloleulxp sulfh
ri . phdvxuhg lq xqlwv ri +￿
Dw dq| srlqw lq wlph/ lqglylgxdov gl￿hu lq whupv ri wkhlu hgxfdwlrq dqg wudlqlqj/ ru
wkh ghjuhh wr zklfk wkhlu fxuuhqw vnloov duh pdwfkhg zlwk fxuuhqw zdqwv ru whfkqrorj|
lq wkh hfrqrp|> vxfk idfwruv wrjhwkhu ghwhuplqh wkh ydoxh ri dq lqglylgxdo*v kxpdq
fdslwdo/ ￿| : f￿ Lqglylgxdov fdq frpelqh wkhlu kxpdq fdslwdo wrjhwkhu zlwk wlph ?|
lq rughu wr surgxfh h!flhqf|0xqlwv ri oderxu dffruglqj wr=
.| ’ .E￿|c? |￿c
zkhuh . lv vwulfwo| lqfuhdvlqj/ frqfdyh/ dqg olqhduo| krprjhqhrxv lq lwv dujxphqwv1
Wlph qrw vshqw zrunlqj fdq eh dssolhg wrzdug ohlvxuh ,| ’ A ￿ ?|c zkhuh A ghqrwhv
wkh shulrg wlph hqgrzphqw1
Lq uhdolw|/ d qxpehu ri hfrqrplf irufhv vxemhfw lqglylgxdov wr vrph dprxqw ri
xqfhuwdlqw| uhjduglqj wkh ydoxh ri wkhlu kxpdq fdslwdo1 Iru h{dpsoh/ wkh duulydo ri d
qhz whfkqrorj| ru d fkdqjh lq wkh sdwwhuq ri wdvwhv iru gl￿huhqw surgxfwv pd| uhqghu
fxuuhqw vnloov ru dffxpxodwhg nqrzohgjh ohvv ydoxdeoh li wkh| duh qrw zhoo0pdwfkhg wr
wkh qhz vwuxfwxuh ri whfkqrorj|2wdvwhv1 Lghdoo|/ vxfk dq hyhqw pljkw eh prghoohg dv
d vwrfkdvwlf ghsuhfldwlrq lq wkh ydoxh ri kxpdq fdslwdo/ exw dv zh zlvk wr devwudfw
iurp xqfhuwdlqw|/ zh vkdoo lqvwhdg dvvxph wkdw hyhu|rqh*v kxpdq fdslwdo lv vxemhfw
wr d ghwhuplqlvwlf jhrphwulf udwh ri ghsuhfldwlrq f ￿ B ￿ ￿￿
Kxpdq fdslwdo fdq eh dxjphqwhg e| glyhuwlqj jrrgv dqg vhuylfhv wrzdug jhqhudo
ohduqlqj dfwlylwlhv1 Iru vlpsolflw|/ dvvxph wkdw qhz kxpdq fdslwdo lv surgxfhg zlwk
;h{dfwo| wkh vdph whfkqrorj| wkdw lv xvhg wr surgxfh wkh frpsrvlwh frpprglw|/ vr
wkdw %| xqlwv ri rxwsxw ghyrwhg wr vnloo dftxlvlwlrq dxjphqwv kxpdq fdslwdo dffruglqj
wr wkh dffxpxodwlrq htxdwlrq=
￿|n￿ ’ E￿ ￿ B￿￿| n %|c
zkhuh ￿f : f lv jlyhq1 Zh dvvxph wkdw wkhuh duh qr ￿qdqfldo pdunhwv/ vr wkdw lqglylg0
xdov pxvw vhoi0￿qdqfh wkhlu ohduqlqj dfwlylwlhv1: Ilqdoo|/ kxpdq fdslwdo lv glvwulexwhg
dfurvv wkh srsxodwlrq dffruglqj wr suredelolw| ghqvlw| ixqfwlrq b|E￿￿( zkhuh bfE￿￿ lv
jlyhq1
515 Jryhuqphqw
Wkh jryhuqphqw ri wklv hfrqrp| h{lvwv wr uhglvwulexwh rxwsxw1 Iru vlpsolflw|/ dv0
vxph wkdw wkh jryhuqphqw vxssolhv d oxps0vxp xqlyhuvdo wudqvihu sd|phqw 7 wkdw lv
￿qdqfhg e| d glvwruwlrqdu| lqfrph0wd{ ￿ +wkh devhqfh ri ￿qdqfldo pdunhwv suhfoxghv
wkh xvh ri erqg ￿qdqfh,1 Lw lv shukdsv hdvlhvw wr wklqn ri 7 dv wudqvihu lqfrph olnh
vxevlglhv/ zhoiduh/ xqhpsor|phqw lqvxudqfh dqg vr rq1 Krzhyhu/ xqghu vrph plog
dvvxpswlrqv frqfhuqlqj wkh vxevwlwxwdelolw| ri jryhuqphqw0surylghg rxwsxw dqg sul0
ydwh rxwsxw/ rqh frxog dovr lqwhusuhw 7 dv frqvlvwlqj ri jryhuqphqw sxufkdvhv wkdw
duh vxssolhg wr flwl}hqv iuhh ri fkdujh +pruh rq wklv ehorz,1
Jryhuqphqw srolf| lv lpsohphqwhg dv iroorzv1 Dw gdwh | ’ f wkh jryhuqphqw
dqqrxqfhv d wlph0lqyduldqw oxps0vxp vxevlg| ohyho 7 dqg d fruuhvsrqglqj lqfrph0
wd{ srolf| ￿ ￿i ￿| m | ￿ fj￿ Lqglylgxdov duh dvvxphg qrw wr h{shfw dq| ixwxuh fkdqjhv
lq wklv jryhuqphqw srolf|1
:Lq wkh frqwh{w ri wkh fxuuhqw vhw0xs/ wkh devhqfh ri ￿qdqfldo pdunhwv dovr jxdudqwhhv d qrq0
ghjhqhudwh orqj0uxq glvwulexwlrq ri zhdowk1
<516 Htxloleulxp
Wkh ghflvlrq sureohp iru hdfk lqglylgxdo fdq eh vwdwhg dv iroorzv1 Jlyhq E￿fcq￿ dqg







E￿ ￿ ￿|￿/.E￿|c? |￿n7 ￿ %| ￿S| ￿ f(
￿|n￿ ￿ E￿ ￿ B￿￿| ￿ %| ￿ f(
A ￿ ?| ￿ ,| ￿ f(
S|c? |c, |c￿ |n￿c% | ￿ f￿
Zh zloo uhvwulfw rxu dwwhqwlrq wr lqwhulru vroxwlrqv1; Khqfh/ dq rswlpdo surjudp
zloo vdwlvi| wkh iroorzlqj uhvwulfwlrqv=
E￿ ￿￿|￿/.?E￿|c?|￿LSES|cA ￿ ?|￿ ￿L,ES|cA￿?|￿’f (
￿LSES|cA￿?|￿nqdE￿ ￿￿|n￿￿/.￿E￿|n￿c? |n￿￿n￿￿ BoLSES|n￿cA￿?|n￿￿ ’f (
zkhuh S| ’E ￿￿ ￿|￿/.E￿|c? |￿n7 ￿%| dqg %| ’ ￿|n￿ ￿ E￿ ￿ B￿￿|￿
Zkloh wkh dqdo|vlv fdq hdvlo| dffrpprgdwh khwhurjhqhlw| lq kxpdq fdslwdo dfurvv
lqglylgxdov ri d jlyhq qc qr xvh ri vxfk khwhurjhqhlw| zloo eh pdgh lq wkh txdqwlwdwlyh
dqdo|vlv ehorz1 Khqfh/ dvvrfldwh zlwk hdfk q d jlyhq lqlwldo vwrfn ri kxpdq fdslwdo
e ￿Eq￿￿ Lq wklv zd|/ zh qhhg qrw frqglwlrq wkh rswlpdo surjudp gluhfwo| rq wkh lqlwldo
kxpdq fdslwdo vwrfn1 Wkh ghflvlrq0sureohp hvvhqwldoo| erlov grzq wr wkh fkrlfh ri wkh
wzr vhtxhqfhv i?|c￿|n￿j( dexvlqj qrwdwlrq vrphzkdw/ ohw i?|Eqc7c￿￿c￿ |n￿Eqc7c￿￿ m
| ￿ fj ghqrwh wkh +xqltxh, vroxwlrq iru d w|sh0q lqglylgxdo idfhg zlwk jryhuqphqw
srolf| E7c￿￿￿
;Iru lqglylgxdov zlwk vx!flhqwo| orz glvfrxqw idfwruv/ fruqhu vroxwlrqv pd| eh rswlpdo1 Lq
sduwlfxodu/ iru h{wuhpho| lpsdwlhqw lqglylgxdov +dqwlflsdwlqj wkdw jryhuqphqw fkdulw| V zloo dozd|v
uhpdlq lq sodfh,/ lw pd| eh rswlpdo wr xqghuwdnh }hur lqyhvwphqw lq kxpdq fdslwdo dqg wr ghyrwh
doo dydlodeoh wlph wr ohlvxuh dfwlylwlhv1
43Jlyhq d wudqvihu dprxqw 7c wkh jryhuqphqw pxvw fkrrvh d wd{ srolf| ￿ lq rughu





iru doo | ￿ f +zkhuh ￿fEqc7c￿￿’e ￿Eq￿,￿ Lq htxloleulxp/ wkh wd{0udwh wkdw vdwlv￿hv
wklv exgjhw frqvwudlqw dw hdfk gdwh lv uhtxluhg wr eh frqvlvwhqw zlwk wkh wd{ srolf|
k|srwkhvl}hg e| lqglylgxdov zkhq irupxodwlqj wkhlu oderxu vxsso| dqg kxpdq fds0
lwdo lqyhvwphqw ghflvlrqv1 Qrwh wkdw dq htxloleulxp pd| qrw h{lvw iru d vx!flhqwo|
jhqhurxv wudqvihu 7￿
517 Vwhdg|0Vwdwh
Xqghu vxlwdeoh uhvwulfwlrqv +l1h1/ wkh sdudphwhul}dwlrqv frqvlghuhg ehorz,/ wkh hfrq0
rp| frqyhujhv wr d vwhdg|0vwdwh ihdwxulqj d frqvwdqw wd{0udwh ￿c frqvwdqw oderxu vxs0
so| ?Eq￿ dqg kxpdq fdslwdo vwrfn ￿Eq￿ iru hdfk q( wkhvh vwhdg|0vwdwh ydoxhv vdwlvi|
+iru dq lqwhulru vroxwlrq,=
E￿ ￿ ￿￿/.?E￿Eq￿c?Eq￿￿LSEE￿ ￿ ￿￿/.E￿Eq￿c?Eq￿￿ ￿ B￿Eq￿n7cA ￿ ?Eq￿￿￿
L,EE￿ ￿ ￿￿/.E￿Eq￿c?Eq￿￿ ￿ B￿n 7cA ￿ ?Eq￿ ￿’f (




Wkhvh vwhdg|0vwdwh uhvwulfwlrqv zloo eh xvhg wr fdoleudwh wkh prgho wr wkh gdwd1
6 Fdoleudwlrq
Wkh prgho lv fdoleudwhg wr ￿w ydulrxv phdvxuhphqwv rq Fdqdgldq lqfrph glvwulexwlrq
iru wkh |hdu 4<<7> wkh gdwd vrxufh lv Vwdwlvwlfv Fdqdgd +4<<9,1< Lqfrph lv phdvxuhg
<Iljxuh 4 glvsod|v vrph wlph vhulhv hylghqfh1
44lq 4<<7 grooduv dqg lv uhsruwhg dv d udwlr ri wkh dgxow srsxodwlrq143
Wdeoh 4
Hduqhg Wrwdo Wudqvihu Diwhu0Wd{ Qhw Wd{
Txlqwloh Lqfrph Lqfrph Lqfrph Lqfrph Sdlg
L 4< 9 4 8 5;< 66 5 ; 83 < 4 +6 463,
LL :3 5 8 44 6:< 76 8 7 43 55; +6 536,
LLL 48 644 4; 936 65 < 5 48 8<< +5;;,
LY 57 <44 5: 855 59 4 4 55 396 5 ;7;
Y 79 456 7; 49: 53 7 7 69 6<< < :57
Phdq 4< 399 55 4<5 64 5 9 4; 447 4 4<3
Vwg Ghy 455 ( ;7 ( 5< ( :9 (
Rqh vwulnlqj ihdwxuh ri wkh gdwd lq Wdeoh 4 lv wkdw wkh glvshuvlrq lq wudqvihu lqfrph
dfurvv txlqwlohv lv frqvlghudeo| ohvv wkdq wkh glvshuvlrq lq hduqhg lqfrph> wkh dyhudjh
wudqvihu zdv m￿￿2Sc zlwk d kljk ri me￿De +dffuxlqj wr wkh vhfrqg txlqwloh, dqg d orz
ri m2fee +dffuxlqj wr wkh ￿iwk txlqwloh,1 Wkh orzhvw txlqwloh uhfhlyhg d wudqvihu ri
m￿￿2Hc zklfk lv rqo| voljkwo| kljkhu wkdq wkh hfrqrp|0zlgh dyhudjh wudqvihu144 Qrwlfh
wkdw wkh glvshuvlrq lq diwhu0wd{ lqfrphv lv derxw efI +79 shufhqwdjh srlqwv, vpdoohu
wkdq wkh glvshuvlrq lq hduqhg lqfrph1 Ilqdoo|/ wkh odvw froxpq uhyhdov wkdw rqo| wkh
wrs wzr txlqwlohv sd| pruh lq wd{hv wkdq wkh| uhfhlyh lq wudqvihuv1
Dffruglqj wr wklv gdwd/ wkh dyhudjh lqfrph0wd{ sdlg shu dgxow +qhw ri wudqvihuv,
lv m￿￿bf￿ Suhvxpdeo|/ wklv uhyhqxh lv xvhg wr ￿qdqfh jryhuqphqw sxufkdvhv ri jrrgv
dqg vhuylfhv +lq dgglwlrq wr lqwhuhvw sd|phqwv rq jryhuqphqw ghew,1 Lq d vhqvh/
vxfk h{shqglwxuhv uhsuhvhqw d wudqvihu sd|phqw wr Fdqdgldqv/ exw lq wkh irup ri
rxwsxw lqvwhdg ri fdvk1 Li zh pdnh wkh dvvxpswlrq wkdw wkh jryhuqphqw xwlol}hv wkh
vdph surgxfwlrq whfkqrorj| dv ￿upv lq wkh sulydwh vhfwru +ru wkdw wkh jryhuqphqw
sxufkdvhv lwv rxwsxw iurp wkh sulydwh vhfwru, dqg wkdw lqglylgxdov ylhz jryhuqphqw0
surylghg rxwsxw dv d shuihfw vxevwlwxwh iru pdunhw0surylghg rxwsxw/ wkhq zh pd|
surfhhg e| lqfoxglqj wkh m￿￿bf dv d sduw ri wudqvihu lqfrph zlwkrxw fkdqjlqj dq| ri
43Vwdwlvwlfv Fdqdgd grhv qrw uhsruw lqfrph shu lqglylgxdo dgxow/ irfxvvlqj lqvwhdg rq cidplolhv*
dqg cxqdwwdfkhg lqglylgxdov* dv zhoo dv d frpsrvlwh cxqlw* frpsrvhg ri idplo| xqlwv dqg xqdwwdfkhg
lqglylgxdo xqlwv1 Lq ghulylqj lqfrph shu dgxow/ zh pdnh wkh dvvxpswlrq wkdw wkh dyhudjh xqlw
frqwdlqv wzr dgxowv +lqglylgxdov djhg 48 dqg ryhu,1 Dyhudjh xqlw vl}h iru 4<<7 zdv 5175 lqglylgxdov1
44Khqfh/ rxu dvvxpswlrq ri d xqlirup oxps0vxp wudqvihu grhv qrw dsshdu whuuleo| lqfrqvlvwhqw
zlwk wkh gdwd1
45wkh wkhruhwlfdo dqdo|vlv1
Wkh prgho uhtxluhv ixqfwlrqdo irupv iru Lc.c dqg >￿ Zh vshfli| suhihuhqfhv dqg
whfkqrorj| dv iroorzv=




Rxu fdoleudwlrq vwudwhj| zloo lqyroyh pdwfklqj wkh vwhdg|0vwdwh diwhu0wd{ lqfrph ri
srsxodwlrq txlqwlohv lq wkh prgho zlwk wkrvh lq wkh gdwd1 Wr wklv hqg/ zh vshfli|
￿ ’ iq￿c￿￿￿cqDj dqg >Eq￿’￿ *D iru hdfk q￿ Dowrjhwkhu wkhq/ wkh prgho kdv hohyhq
sdudphwhuv= q￿c￿￿￿cqDcbcwcBc/cA dqg 7/ iru zklfk ydoxhv pxvw eh dvvljqhg1
Wkh sdudphwhu w jryhuqv wkh uhodwlyh lpsruwdqfh ri kxpdq fdslwdo lq wkh surgxf0
wlrq ri h!flhqf|0xqlwv ri oderxu vhuylfhv1 Zh fdq ￿qg qr gluhfw hylghqfh shuwdlqlqj
wr wkh olnho| vl}h ri wklv sdudphwhu dqg vr zh vlpso| dvvxph wkdw kxpdq fdslwdo dqg
oderxu h￿ruw duh htxdoo| lpsruwdqw lq jhqhudwlqj oderxu vhuylfhv> l1h1/ w ’ ￿*2￿
D prgho wlph0shulrg fruuhvsrqgv wr rqh |hdu1 Zh dvvxph wkdw kxpdq fdslwdo
ghsuhfldwhv dw dq dqqxdo udwh ri DI( wkxv B ’f ￿fD￿ Zlwk srvlwlyh ghsuhfldwlrq/
lqglylgxdov zloo lq jhqhudo ghyrwh vrph uhvrxufhv wr uhsohqlvklqj wkhlu kxpdq fdslwdo
hyhq lq d vwhdg|0vwdwh1 Iru rxu prgho hfrqrp|/ d ￿yh shufhqw udwh ri ghsuhfldwlrq
lpsolhv wkdw rq dyhudjh/ durxqg 2fI ri rxwsxw frqvlvwv ri lqyhvwphqwv ghyrwhg wr
dxjphqwlqj kxpdq fdslwdo1
Lq wkhlu vxuyh| ri wlph0xvh vwxglhv/ Mxvwhu dqg Vwd￿rug +4<<4, irxqg wkdw lqglylg0
xdov uhsruw durxqg ￿ff krxuv ri glvfuhwlrqdu| wlph shu zhhn +l1h1/ krxuv qrw vshqw rq
vohhs dqg shuvrqdo fduh,> wklv dprxqwv wr dssur{lpdwho| A ’D f f fkrxuv shu |hdu1
Wkh sdudphwhu b jryhuqv wkh uhodwlyh lpsruwdqfh ri ohlvxuh lq wkh xwlolw| ixqfwlrq1
Wkh vdph wlph0xvh vwxglhv uhyhdo wkdw lqglylgxdov djhg ehwzhhq 58￿97 ghyrwh/ rq dy0
hudjh/ durxqg 2fff krxuv ri wkhlu wlph wrzdug zrun lq wkh pdunhw vhfwru145 Ehfdxvh
|rxqjhu dgxowv +wkrvh djhg 48057, w|slfdoo| zrun pxfk ohvv wkdq wklv/ zh fkrrvh b
wr jhqhudwh dq htxloleulxp oderxu lqsxw ri durxqg ￿Dff krxuv shu dgxow shu |hdu +vr
45Wklv ￿jxuh lv edvhg rq X1V1 gdwd iru 4<;41 Lq wkdw |hdu/ phq zrunhg 7:18 krxuv shu zhhn/ zkloh
zrphq zrunhg 581< krxuv shu zhhn lq wkh pdunhw vhfwru +lqfoxvlyh ri frppxwlqj wlph,1
46wkdw/ rq dyhudjh/ shrsoh doorfdwh derxw ￿fI ri wkhlu glvfuhwlrqdu| wlph wr wkh oderxu
pdunhw,1
Wkh surgxfwlylw| sdudphwhu / zdv fkrvhq lq rughu wr jhqhudwh d ohyho ri shu fdslwd
lqfrph frqvlvwhqw zlwk revhuydwlrq1 Wkh ￿yh glvfrxqw sdudphwhuv zhuh wkhq doorzhg
wr ydu| lq d pdqqhu wkdw jhqhudwhg vwhdg|0vwdwh lqfrphv dfurvv txlqwlohv wkdw pdwfkhg
wkh gdwd1 Ilqdoo|/ wkh vxevlg| ohyho 7 zdv fkrvhq wr htxdo wkh ydoxh ri shu fdslwd
wudqvihu sd|phqwv wr lqglylgxdov lq wkh hfrqrp|> l1h1/ 7 ’ me￿￿S1 Wkh htxloleulxp
wd{0udwh uhtxluhg wr ￿qdqfh wklv vxevlg| lv 22￿.I￿
Wkh prgho zdv fdoleudwhg wr wkh diwhu0wd{ glvwulexwlrq ri lqfrph> wkh iroorzlqj
wdeoh uhsruwv wkh fdoleudwlrq uhvxowv dqg wkh prgho*v lpsolfdwlrqv iru wkh glvwulexwlrq
ri hduqhg0lqfrph dqg wkh iudfwlrq ri diwhu0wd{ lqfrph dffrxqwhg iru e| wudqvihu lqfrph
iru hdfk txlqwloh lq erwk wkh prgho dqg wkh gdwd1
Wdeoh 5
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Wkh glvshuvlrq lq hduqhg0lqfrph lv frqvlghudeo| juhdwhu wkdq lq diwhu0wd{ lqfrph> wkh
fdoleudwhg prgho uhsolfdwhv wklv ihdwxuh ri wkh gdwd/ dowkrxjk lw dsshduv wr ryhuhvwl0
pdwh hduqhg0lqfrph iru wkh orzhu txlqwlohv dqg xqghuhvwlpdwh hduqhg0lqfrph iru wkh
xsshu txlqwlohv1 Wkh ￿qdo wzr froxpqv uhsruw wkh udwlr ri wudqvihu lqfrph wr diwhu0wd{
lqfrph iru wkh gdwd dqg prgho1 Suhvxpdeo|/ doorzlqj wkh vxevlg| ohyho dqg wd{ udwh
wr ydu| dfurvv txlqwlohv frxog lpsuryh wkh prgho*v ￿w dorqj wkhvh glphqvlrqv1
Wkh sdudphwhu ydoxhv xvhg lq fdoleudwlrq duh jlyhq lq Wdeoh 61 Wkh prgho dw0
wulexwhv vljql￿fdqw gl￿huhqfhv lq wkh udwh ri wlph0suhihuhqfh dprqj lqglylgxdov rffx0
s|lqj gl￿huhqw lqfrph txlqwlohv1 Wkh hvwlpdwhg dqqxdo glvfrxqw udwhv iru txlqwlohv rqh
47wkurxjk ￿yh duh= ￿e￿SIc ￿e￿bIc H￿.Ic e￿bIc dqg ￿￿.Ic uhvshfwlyho|1 Qrwh wkdw zkloh
wkhvh fdoleudwhg glvfrxqw udwhv duh zlwklq wkh udqjh uhsruwhg lq hpslulfdo vwxglhv/
wkh prgho grhv kdyh dq xqiruwxqdwh ihdwxuh lq wkdw sduwlfxodu glvfrxqw udwhv duh vr
wljkwo| dvvrfldwhg zlwk jlyhq lqfrph txlqwlohv1 Lpsohphqwlqj vrph ri wkh h{whqvlrqv
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Lq dgglwlrq wr lqfrph glvwulexwlrqv/ iru zklfk uhodwlyho| jrrg phdvxuhphqwv duh
dydlodeoh/ wkh prgho dovr pdnhv suhglfwlrqv frqfhuqlqj oderxu vxssolhv/ zdjh udwhv/
frqvxpswlrq ohyhov dqg wkh ydoxh ri kxpdq fdslwdo zhdowk dfurvv lqfrph txlqwlohv1
Wklv lqirupdwlrq lv suhvhqwhg lq Wdeoh 71
Wdeoh 7
Oderxu Zdjh Frqvxpswlrq Lqyhvwphqw Kxpdq
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Wkh prgho jhqhudwhv d frqvlghudeoh dprxqw ri khwhurjhqhlw| lq krxuv zrunhg/
udqjlqj iurp .22 krxuv shu |hdu +47 krxuv shu zhhn, wr 2fe. krxuv shu |hdu +73
krxuv shu zhhn,1 Kljk0lqfrph hduqhuv jhqhudwh kljk ohyhov ri lqfrph lq sduw ehfdxvh
wkh| zrun uhodwlyho| orqj krxuv1 Wkhvh lqglylgxdov ghyrwh vxfk d kljk iudfwlrq ri
wkhlu wlph wr zrun dfwlylwlhv sduwo| ehfdxvh wkh uhwxuq wr zrun lv vr kljk= wkh dyhudjh
krxuo| zdjh iru xsshu txlqwloh lqglylgxdov lv m2f￿HD frpsduhg wr mxvw m￿￿De iru orzhu
txlqwloh lqglylgxdov1 Wkh uhwxuq wr zrun iru xsshu txlqwloh lqglylgxdov lv vr kljk
ehfdxvh wkh| duh vr vnloohg= wkh ydoxh ri wkhlu kxpdq fdslwdo lv hvwlpdwhg wr eh
m2eDc￿be frpsduhg wr rqo| m2cebb iru wkh orzhvw0vnloohg lqglylgxdov1 Qrwlfh wkdw
48wkh glvsdulw| lq kxpdq fdslwdo zhdowk +vwdqgdug ghyldwlrq ri 4:8(, lv pxfk kljkhu
wkdq wkh glvsdulw| lq hduqhg lqfrph +vwdqgdug ghyldwlrq ri 43:(,146 Xsshu txlqwloh
jurxsv duh pruh vnloohg ehfdxvh wkh| ghyrwh d kljkhu iudfwlrq ri wkhlu uhvrxufhv wrzdug
exloglqj dqg pdlqwdlqlqj kxpdq fdslwdo +wklv ehkdylrxu lv d gluhfw pdqlihvwdwlrq ri
wkhlu orzhu glvfrxqw udwhv,1 Wkh kljkhvw txlqwloh ghyrwhv derxw ￿￿I ri wkhlu zrun0
wlph dqg kxpdq fdslwdo uhvrxufhv vlpso| wrzdug exloglqj qhz kxpdq fdslwdo/ zkloh
wkh orzhvw txlqwloh ghyrwhv rqo| 2I ri wkhlu uhvrxufhv iru wklv sxusrvh1 Ilqdoo|/ qrwh
wkdw wkh glvshuvlrq lq pdwhuldo zhoo0ehlqj/ dv phdvxuhg e| frqvxpswlrq ohyhov/ lv
frqvlghudeo| ohvv wkdq wkh glvshuvlrq lq hyhq diwhu0wd{ lqfrphv1 Lq dgglwlrq/ vlqfh
kljkhu lqfrph lqglylgxdov vdful￿fh d vljql￿fdqwo| kljkhu iudfwlrq ri wkhlu ohlvxuh wlph
lq wkh irup ri zrun/ phdvxuhv ri lqfrph glvshuvlrq wr d odujh h{whqw olnho| ryhuvwdwh
wkh dfwxdo glvsdulw| ri olylqj vwdqgdugv lq wkh hfrqrp|1
7 Vwhdg|0Vwdwh Dqdo|vlv
Lq wklv vhfwlrq/ zh h{dplqh krz wkh vwhdg|0vwdwh ri rxu prgho hfrqrp| uhvsrqgv dv
wkh jryhuqphqw wudqvihu lv lqfuhdvhg lq rqh0wkrxvdqg groodu lqfuhphqwv=
7 5i fc￿fffc2fffc￿fffcefffceHDfj(
+Qrwh= ’7;83 dsshduv wr eh wkh pd{lpxp ihdvleoh ohyho ri shu fdslwd jryhuqphqw
vshqglqj iru wkh sdudphwhul}dwlrq frqvlghuhg khuh,1 Zh uhsruw uhvxowv iru wkh iro0
orzlqj vl{ yduldeohv= diwhu0wd{ lqfrph/ hduqhg lqfrph/ frqvxpswlrq/ oderxu vxsso|/
kxpdq fdslwdo/ dqg zhoiduh dfurvv lqfrph txlqwlohv1
714 Diwhu0Wd{ Lqfrph
Wkh wdeohv ehorz duh frqvwuxfwhg dv iroorzv1 Wkh ￿uvw froxpq uhsruwv wkh ohyho iru wkh
uhohydqw yduldeoh +lq wklv fdvh/ diwhu0wd{ lqfrph, iru hdfk txlqwloh xqghu wkh codlvvh}0
46Hylghqwo|/ prvw prghov suhglfw wkh rssrvlwh khuh> vhh Mrydqrylf +4<<:,1 Lq wkh gdwd/ wkh glv0
shuvlrq lq zhdowk lv pxfk juhdwhu wkdq wkh glvshuvlrq lq lqfrph/ vr rxu prgho dssduhqwo| surylghv
dq dqvzhu wr wklv sx}}oh1
49idluh* uhjlph E7 ’f ￿ ￿ Wkh froxpqv fruuhvsrqglqj wr srvlwlyh vxevlg| ohyhov uhfrug
wkh udwlr ri wkh yduldeoh uhodwlyh wr lwv odlvvh}0idluh ohyho1
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Dqqxdo shu fdslwd lqfrph iru Fdqdgd lq 4<<7 zdv m￿bcf￿￿c zklfk lv derxw S￿I
wkh ohyho suhglfwhg e| rxu prgho xqghu d odlvvh}0idluh uhjlph Em￿fcfHb￿> rxu prgho
vxjjhvwv wkdw wkh Fdqdgldq zhoiduh vwdwh kdv kdg d kxjh qhjdwlyh lpsdfw rq wrwdo
hduqlqjv1 Rq wkh rwkhu kdqg/ lqfuhdvlqj wkh jhqhurvlw| ri wkh zhoiduh vwdwh grhv
dsshdu wr uhgxfh diwhu0wd{ lqfrph lqhtxdolw|1 Iru h{dpsoh/ d vxevlg| ohyho ri mecfff
lv suhglfwhg wr uhgxfh wkh vwdqgdug ghyldwlrq ri diwhu0wd{ lqfrph e| S￿HI￿ Krzhyhu/
qrwlfh wkdw wkh diwhu0wd{ lqfrph ri doo txlqwlohv lv suhglfwhg wr idoo dv jhqhurvlw|
lv lqfuhdvhg> wkh diwhu0wd{ lqfrph glvwulexwlrq lv frpsuhvvhg ehfdxvh wkh diwhu0wd{
lqfrphv ri wkh ulfk idoo sursruwlrqdwho| pruh wkdq wkh srru1
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Xqghu odlvvh}0idluh/ hduqhg lqfrph fruuhvsrqgv wr diwhu0wd{ lqfrph/ zklfk lv zk|
wkh ￿uvw froxpq ri wkh wdeoh deryh fruuhvsrqgv wr wkh ￿uvw froxpq ri wkh suhylrxv
4:wdeoh1 Dv wkh jhqhurvlw| ri wkh zhoiduh vwdwh lv lqfuhdvhg/ hduqhg lqfrphv iru doo
txlqwlohv lv uhgxfhg1 Qrwlfh wkdw hduqhg lqfrphv idoo +uhodwlyh wr diwhu0wd{ lqfrphv,
dw d juhdwhu udwh iru wkh srru exw dw d vorzhu udwh iru wkh ulfk> dw wkh kljkhvw vxevlg|
ohyho/ hduqhg lqfrph iru wkh erwwrp txlqwloh lv S￿￿I ri zkdw wkh| zrxog eh hduqlqj
xqghu odlvvh}0idluh +diwhu0wd{ lqfrph lv dw S2￿bI￿c zkloh hduqhg lqfrph iru wkh wrs
txlqwloh lv DS￿2I ri zkdw wkh| zrxog eh hduqlqj xqghu odlvvh}0idluh +diwhu0wd{ lqfrph
lv dw eD￿￿I￿￿ Frqvhtxhqwo|/ wkh glvshuvlrq lq wkh glvwulexwlrq ri hduqhg lqfrphv lv
suhglfwhg wr ulvh dorqj zlwk wkh jhqhurvlw| ri wkh zhoiduh vwdwh1
Wklv odvw uhvxow surylghv dq lpsruwdqw fdyhdw iru srolf|pdnhuv dqg dqdo|vwv zkr
dvvhuw wkdw wkh lqfuhdvhg jhqhurvlw| ri wkh zhoiduh vwdwh kdv vwdelol}hg diwhu0wd{ lqfrph
lqhtxdolw| lq wkh idfh ri dq h{rjhqrxv lqfuhdvh lq hduqhg lqfrph lqhtxdolw| +h1j1/ vhh
Olwwoh/ 4<<8,1 Khuh zh kdyh ghyhorshg d prgho lq zklfk wkh gluhfwlrq ri fdxvdolw|
uxqv lq uhyhuvh= lw lv wkh lqfuhdvhg jhqhurvlw| ri wkh zhoiduh vwdwh lwvhoi wkdw ohdgv wr
dq lqfuhdvh lq hduqhg lqfrph lqhtxdolw|1
716 Frqvxpswlrq
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Frqvxpswlrq ohyhov dfurvv txlqwlohv ehkdyh lq d pdqqhu wkdw lv yhu| vlplodu wr
diwhu0wd{ lqfrph ohyhov dv wkh jhqhurvlw| ri wkh zhoiduh vwdwh lv lqfuhdvhg1 Qrwlfh wkdw
wkh vwdqgdug ghyldwlrq lq frqvxpswlrq dfurvv txlqwlohv lv derxw ￿iwhhq shufhqwdjh
srlqwv ohvv wkdq wkh vwdqgdug ghyldwlrq lq diwhu0wd{ lqfrph iru hdfk vxevlg| ohyho1
Wkxv/ phdvxuhv ri glvshuvlrq lq diwhu0wd{ lqfrph olnho| ryhuhvwlpdwh dfwxdo lqhtxdolw|
lq pdwhuldo zhoo0ehlqj +dv phdvxuhg e| frqvxpswlrq,1
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Wkh oderxu vxsso| uhvsrqvh wr lqfuhdvhg wd{2vxevlg| ohyhov lv qrw txlwh dv vhyhuh
dv wkh uhvsrqvh revhuyhg lq hduqhg lqfrphv1 Qhyhuwkhohvv/ wkh oderxu lqsxw ghfolqhv
vljql￿fdqwo| iru doo txlqwlohv dv wkh jhqhurvlw| ri wkh zhoiduh vwdwh lv lqfuhdvhg/ zlwk
wkh orzhu txlqwlohv ehlqj sduwlfxoduo| d￿hfwhg1 Qrwlfh wkdw zkloh d pruh jhqhurxv
zhoiduh vwdwh uhgxfhv frqvxpswlrq lqhtxdolw|/ lw ohdgv wr dq lqfuhdvh lq wkh lqhtxdolw|
ri ohlvxuh +frqvxpswlrq ri krph surgxfhg jrrgv dqg vhuylfhv,> iru wkh kljkhvw vxevlg|
ohyho frqvlghuhg khuh/ wkh lqhtxdolw| lq oderxu vxsso| lqfuhdvhv vl{irog1
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Wkh ydoxh ri lqglylgxdov* kxpdq fdslwdo vwrfn d￿hfw wkhlu hduqlqjv fdsdelolwlhv
+uhdo zdjhv,1 Revhuyh wkdw wkh kxpdq fdslwdo uhvsrqvh wr lqfuhdvhg wd{2vxevlg|
ohyhov lv pruh vhyhuh wkdq wkh uhvsrqvh revhuyhg lq hduqhg lqfrphv1 Xqghu wkh prvw
jhqhurxv zhoiduh vwdwh/ wkh ydoxh d shuvrq*v kxpdq fdslwdo vnloov lq wkh orzhvw txlqwloh
lv ghsohwhg wr eI ri wkh ydoxh wkdw zrxog kdyh suhydlohg xqghu odlvvh}0idluh1 Xqghu
4<hyhq pruh jhqhurxv zhoiduh surylvlrq/ wkh orzhvw txlqwloh zrxog uhdfk d fruqhu lq wkhlu
oderxu vxsso| ghflvlrq dqg doorz wkhlu kxpdq fdslwdo wr ghsuhfldwh ixoo|/ dw ohdvw/ wr
wkh h{whqw wkdw wkh| h{shfw wkdw wkh wudqvihu sd|phqw zloo uhpdlq dydlodeoh iru wkh
lqgh￿qlwh ixwxuh1 Qrwh wkdw lq wklv fdvh/ dq xqh{shfwhg uhprydo ri wkh zhoiduh vwdwh
frxog ohdyh vxfk lqglylgxdov lq h{wuhpho| gluh vwudlwv/ dv wkh| zrxog kdyh yluwxdoo|
qr phdqv e| zklfk wr jhqhudwh dq| ghfhqw hduqlqjv1 Vxfk d vfhqdulr dsshduv wr eh
sod|lqj rxw lq ydulrxv uhjlrqv ri Fdqdgd wrgd|1
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Wkh ohyho ri zhoiduh lv phdvxuhg e| wkh vwhdg|0vwdwh pd{lpxp ydoxh ixqfwlrq
‘￿ ’ E￿ ￿q￿￿3￿LESW
￿c￿W
￿￿ iru hdfk txlqwloh ￿￿ Lq frpsdulqj vwhdg|0vwdwhv/ txlqwlohv LL￿
Y vwulfwo| suhihu wkh odlvvh}0idluh uhjlph wr dq| zhoiduh vwdwh/ zlwk hfrqrplf zhoiduh
ghfolqlqj prqrwrqlfdoo| dv jhqhurvlw| lqfuhdvhv1 Wkh erwwrp txlqwloh/ rq wkh rwkhu
kdqg/ dfwxdoo| dsshduv wr suhihu uhglvwulexwlrq srolf|/ dv orqj dv lw lv qrw wrr jhqhurxv>
iru wklv txlqwloh/ vwhdg|0vwdwh zhoiduh lv pd{lpl}hg dw d vxevlg| ohyho ri durxqg m￿fff￿
Lq hydoxdwlqj wkh sdwwhuq ri hfrqrplf zhoiduh dfurvv txlqwlohv iru gl￿huhqw uhglv0
wulexwlrq srolflhv/ lw vhhpv dssduhqw wkdw d fohdu pdmrulw| ri lqglylgxdov suhihu +dqg
suhvxpdeo| zrxog yrwh iru, wkh odlvvh}0idluh uhjlph1 Krz wkhq lv rqh wr udwlrqdol}h
wkh h{lvwhqfh ri wkh zhoiduh vwdwh lq vxfk dq hqylurqphqwB Lq wkh vhtxho/ zh frqvlghu
rqh srvvleoh dqvzhu wr wklv sx}}oh/ zklfk lv edvhg rq wkh zd| wudqvlwlrq g|qdplfv
iroorzlqj lpsohphqwdwlrq ri d uhglvwulexwlrq srolf| pljkw lq xhqfh wkh glvwulexwlrq
ri zhoiduh ehqh￿wv dffuxlqj wr gl￿huhqw txlqwlohv lq d zd| wkdw pdnhv lpsohphqwdwlrq
srolwlfdoo| yldeoh1
538 Lqglylgxdo Wudqvlwlrq G|qdplfv
Rqh txhvwlrq ri lqwhuhvw uhjdugv wkh h{whqw wr zklfk lqglylgxdov lq wklv hqylurqphqw
duh deoh wr pryh wkhpvhoyhv lqwr kljkhu lqfrph txlqwlohv/ vkrxog wkh| ghflgh wr xq0
ghuwdnh wkh qhfhvvdu| lqyhvwphqwv1 Lq rughu wr dqvzhu wklv txhvwlrq/ zh ehjlq wkh
hfrqrp| lq lwv vwhdg|0vwdwh/ kroglqj jryhuqphqw srolf| ￿{hg E￿c7￿’E f ￿22.ce￿￿S￿￿
Qrz vxssrvh wkdw vrphrqh lq wkh orzhvw txlqwloh ghvluhv wr pryh lqwr wkh vhfrqg
txlqwloh> l1h1/ vxssrvh wkdw iru vrph h{rjhqrxv uhdvrq/ wklv shuvrq vzlwfkhv klv glv0
frxqw idfwru iurp q￿ ’ f￿.e￿ wr q2 ’f ￿H.f￿ K r zo r q jg r h vl ww d n hiru wkh shuvrq wr
pdnh wkh wudqvlwlrq rswlpdoo| dqg zkdw grhv wkh wudqvlwlrq sdwk orrn olnhB
Iljxuh 5 sorwv wkh rswlpdo wudqvlwlrq sdwk1 Dv wkh ￿jxuh pdnhv fohdu/ xqghuwdnlqj
wkh wudqvlwlrq wr wkh kljkhu txlqwloh hqwdlov d vljql￿fdqw frvw lq vkruw0whup olylqj vwdq0
gdugv +d frvw wkdw yhu| lpsdwlhqw lqglylgxdov duh xqzloolqj wr ehdu,1 Lq wkh ￿uvw |hdu
ri wkh wudqvlwlrq/ wkh lqglylgxdo pxvw eh zloolqj wr uhgxfh pdwhuldo olylqj vwdqgdugv
e| 2fI Em￿2S2￿ zkloh dw wkh vdph wlph lqfuhdvlqj zrun h￿ruw e| ￿HI +5:: krxuv ru
; dgglwlrqdo zhhnv ri ixoo0wlph zrun,1 Frqvxpswlrq vshqglqj dfwxdoo| uhpdlqv ehorz
lwv lqlwldo ydoxh iru d ixoo wzr |hduv lqwr wkh wudqvlwlrq/ exw ulvhv judgxdoo| wr lwv kljkhu
vwhdg|0vwdwh ohyho Em￿fcDDb￿c frpsohwlqj pxfk ri wkh wudqvlwlrq diwhu derxw 53 |hduv1
Zrun h￿ruw dsshduv wr dssurdfk lwv kljkhu vwhdg|0vwdwh ohyho E￿￿￿2 krxuv, lq derxw
43 |hduv1
Wkh h{shulphqw deryh ghvfulehv zkdw zrxog kdsshq li d cvpdoo* qxpehu ri lqgl0
ylgxdov zhuh vrphkrz frpshoohg wr fkdqjh wkhlu wlph0suhihuhqfh1 Vkrxog d codujh*
qxpehu +vrph srvlwlyh phdvxuh, ri lqglylgxdov xqghuwdnh d vlplodu fkdqjh/ wkh dv0
vxpswlrq ri d ￿{hg jryhuqphqw srolf| zrxog qr orqjhu eh ydolg dqg rqh zrxog kdyh wr
frpsxwh wkh jhqhudo htxloleulxp lpsolfdwlrqv ri vxfk d fkdqjh +l1h1/ htxloleulxp wd{
udwhv zrxog fkdqjh dorqj wkh wudqvlwlrq sdwk/ lqgxflqj ixuwkhu fkdqjhv lq ehkdylrxu,1
549 Lpsohphqwdwlrq ri wkh Zhoiduh Vwdwh
Lpdjlqh wkdw wkh hfrqrp| kdv ryhu d shulrg ri wlph vhwwohg lqwr wkh odlvvh}0idluh
vwhdg|0vwdwh> l1h1/ lqglylgxdov kdyh edvhg wkhlu hfrqrplf ghflvlrqv lq wkh devhqfh ri
jryhuqphqw uhglvwulexwlrq srolf| dqg xqghu wkh h{shfwdwlrq wkdw }hur wd{hv2wudqvihuv
zrxog eh d sduw ri wkh hfrqrplf odqgvfdsh iru wkh lqgh￿qlwh ixwxuh1 Zh ehjlq rxu
revhuydwlrq ri wklv hfrqrp| dw vrph duelwudu| wlph shulrg | ’ ￿￿ Qrz/ dvvxph wkdw
dw wkh hqg ri wlph shulrg | ’￿ f c wkh jryhuqphqw vxgghqo| +dqg xqh{shfwhgo|,
dqqrxqfhv wkdw lw zloo eh glvwulexwlqj d wudqvihu sd|phqw 7 ’ me￿￿S +ª od Fdqdgd
4<<7, wr hdfk phpehu ri wkh hfrqrp| iru doo ixwxuh wlph shulrgv |:￿f￿ Ri frxuvh/
dw wkh vdph wlph wkh jryhuqphqw dqqrxqfhv +ru/ lq wkh devhqfh ri dq dqqrxqfhphqw/
shrsoh fdq ￿jxuh rxw, d fruuhvsrqglqj exgjhw0edodqflqj lqfrph0wd{ i￿| m |:￿fj￿
Zh dvn wzr txhvwlrqv= Zkdw lv wkh qdwxuh ri wkh hqvxlqj wudqvlwlrq g|qdplfv wrzdug
wkh qhz vwhdg| vwdwh> dqg zkdw vruw ri srolwlfdo vxssruw pljkw vxfk d srolf| jduqhuB
Wkh uhvxowlqj wudqvlwlrq g|qdplfv iru hduqhg dqg diwhu0wd{ lqfrphv duh sorwwhg lq
wkh wrs sdqho ri Iljxuh 61 Xqghu wkh odlvvh}0idluh uhjlph/ hduqhg dqg diwhu0wd{ lq0
frphv frlqflgh/ zkloh xqghu wkh zhoiduh vwdwh/ hduqhg dqg diwhu0wd{ lqfrphv glyhujh/
zlwk hduqhg lqfrphv ehlqj odujhu wkdq diwhu0wd{ lqfrphv iru rqo| wkh wrs wzr txlq0
wlohv1 Lpphgldwho| iroorzlqj wkh jryhuqphqw*v dqqrxqfhphqw/ hduqhg lqfrphv idoo
gudpdwlfdoo| iru doo txlqwlohv1 Hduqhg lqfrphv idoo sursruwlrqdwho| d olwwoh pruh iru
wkh orzhu txlqwlohv/ zklfk lv zk| hduqhg lqfrph lqhtxdolw| ulvhv prghudwho| rq lp0
sdfw +vhh erwwrp sdqho,1 Diwhu0wd{ lqfrphv gurs e| hyhq pruh wkdq hduqhg lqfrphv
iru wkh wrs wzr txlqwlohv/ zkloh iru wkh erwwrp txlqwloh/ diwhu0wd{ lqfrph dfwxdoo|
ulvhv rq lpsdfw/ doo ri zklfk frqwulexwhv wr d uhgxfwlrq lq diwhu0wd{ lqfrph lqhtxdolw|1
Dorqj wkh wudqvlwlrq sdwk/ hduqhg dqg diwhu0wd{ lqfrphv frqyhujh prqrwrqlfdoo| wr
wkhlu orzhu vwhdg| vwdwh ydoxhv zlwk wkh qhw wd{ eloo iru hdfk txlqwloh uhpdlqlqj pruh
ru ohvv vwdeoh1 Revhuyh wkdw diwhu0wd{ lqfrph lqhtxdolw| uhdfkhv d plqlpxp lq wkh
shulrg ri lpsohphqwdwlrq> vxevhtxhqwo|/ lqhtxdolw| ulvhv exw uhpdlqv ehorz lwv lqlwldo
vwhdg| vwdwh ohyho1 Rq wkh rwkhu kdqg/ lqhtxdolw| lq hduqhg lqfrphv frqwlqxhv wr ulvh
wkurxjkrxw wkh wudqvlwlrq shulrg1
55Iljxuh 7 uhfrugv wkh wudqvlwlrq g|qdplfv iru frqvxpswlrq dqg oderxu vxsso|
+ohlvxuh, dfurvv lqfrph txlqwlohv1 Wkh prvw vwulnlqj ihdwxuh ri wkhvh wudqvlwlrq g|qdp0
lfv lv wkh jhqhudo cfrqvxpswlrq errp* wkdw lpphgldwho| iroorzv wkh lpsohphqwdwlrq
ri wkh zhoiduh vwdwh> frqvxpswlrq ri erwk pdunhw rxwsxw dqg ohlvxuh +krph surgxf0
wlrq, lqfuhdvh vljql￿fdqwo|/ zlwk wkh orzhu lqfrph txlqwlohv glvsod|lqj sursruwlrqdwho|
odujhu fkdqjhv1 Prvw ri wkh dgmxvwphqw lq oderxu vxsso| rffxuv lq wkh lpsdfw shulrg
ri wkh srolf| fkdqjh/ dowkrxjk wkh oderxu lqsxw ri wkh erwwrp txlqwloh dsshduv wr vkrz
vrph frqwlqxhg dgmxvwphqw +grzqzdug, iru forvh wr wzhqw| |hduv1 Wklv dgmxvwphqw
lq wkh oderxu vxsso| dffrxqwv iru wkh exon ri wkh vkruw0uxq fkdqjh lq hduqhg lqfrphv
ghvfulehg deryh1 Lq frqwudvw/ wkh frqvxpswlrq errp lq pdunhw0surgxfhg rxwsxw lv
uhodwlyho| vkruw0olyhg/ odvwlqj iru rqo| d ihz |hduv +wkh gxudwlrq ri wkh errp lv orqjhu
iru orzhu txlqwloh jurxsv,1 Wklv frqvxpswlrq errp/ wrjhwkhu zlwk wkh ehkdylrxu ri
diwhu0wd{ lqfrphv/ lpsolhv wkdw lqglylgxdov duh vxevwlwxwlqj dzd| iurp kxpdq fdslwdo
lqyhvwphqw> wklv ghsohwlrq ri wkh kxpdq fdslwdo vwrfn hurghv surgxfwlylw| dqg lv zkdw
fdxvhv wkh judgxdo ghfolqh ri hduqhg lqfrphv +iroorzlqj wkh lpsdfw shulrg, wrzdug
wkh qhz vwhdg| vwdwh1 Qrwlfh wkdw hduqhg lqfrphv idoo lq wkh vkruw uxq ehfdxvh ri
wkh uhgxfwlrq lq hpsor|phqw> krzhyhu/ wkh exon ri wkh orqj0whup ghfolqh lq hduqhg
lqfrphv frphv derxw ehfdxvh ri uhgxfhg orqj0uxq surgxfwlylw|1 Dv hduqlqj fdsd0
elolwlhv duh judgxdoo| hurghg/ frqvxpswlrq srvvlelolwlhv dfurvv doo txlqwlohv idoo ehorz
wkhlu lqlwldo vwhdg| vwdwh ohyhov/ zlwk wkh xsshu txlqwlohv h{shulhqflqj sursruwlrqdwho|
juhdwhu orvvhv1
Zkdw duh wkh hfrqrplf lqfhqwlyhv dw zrun wkdw jhqhudwh wkhvh wudqvlwlrq g|qdp0
lfvB D qxpehu ri gl￿huhqw irufhv duh dw zrun1 Wr ehjlq/ wkhuh lv wkh oxps0vxp wudqvihu
sd|phqw1 Dv wklv lqfrph lv shufhlyhg wr eh shupdqhqw/ rqh zrxog h{shfw lw wr uhvxow
lq dq lqfuhdvh lq frqvxphu ghpdqg urxjko| htxdo wr wkh dprxqw ri wkh wudqvihu1 Lq
dgglwlrq/ wkh vdph zhdowk h￿hfw zrxog lqgxfh dq lqfuhdvh lq wkh ghpdqg iru ohlvxuh1
Rq wkh rwkhu kdqg/ lqglylgxdov duh dovr h{shfwlqj d vhtxhqfh ri glvwruwlrqdu| lqfrph
wd{hv/ dv sorwwhg lq Iljxuh 81 Lq wkh shulrg ri lpsohphqwdwlrq/ wkh jryhuqphqw pxvw
ohy| d ￿SI lqfrph wd{/ zklfk jhqhudwhv dq lqfrph h￿hfw wkdw zrunv lq d gluhfwlrq
rssrvlwh wr wkdw ri wkh vxevlg|1 Lq wkhlu qhw h￿hfwv/ rqh pljkw h{shfw wkdw wkhvh
56wzr lqfrph h￿hfwv urxjko| fdqfho hdfk rwkhu rxw> wkh qhjdwlyh lqfrph h￿hfw olnho|
grplqdwhv lq wkh xsshu txlqwlohv +dv wkh| duh qhw frqwulexwruv ri wd{ uhyhqxh,/ zkloh
wkh srvlwlyh lqfrph h￿hfw olnho| grplqdwhv lq wkh orzhu txlqwlohv +dv wkh| duh qhw
uhflslhqwv ri wudqvihu lqfrph,1 Wkh glvwruwlrqdu| wd{ dovr kdv wkh h￿hfw ri pdnlqj
zrun ohvv dwwudfwlyh uhodwlyh wr ohlvxuh1 Doo ri wkhvh irufhv wdnhq wrjhwkhu frqwulexwh
wr d ghfolqh lq zrun h￿ruw dfurvv doo txlqwlohv/ zlwk d odujhu ghfolqh zlwqhvvhg dprqj
wkh orzhu txlqwlohv1
Dorqj wkh wudqvlwlrq sdwk/ wkh lqfrph wd{ udwh ulvhv prqrwrqlfdoo| wr lwv qhz
vwhdg| vwdwh ri 22￿.I￿ Wklv judgxdo wd{ klnh lv uhtxluhg wr ￿qdqfh wkh wudqvihu surjudp
lq wkh idfh ri d vkulqnlqj wd{ edvh1 Wkh wd{ edvh vkulqnv dorqj wkh wudqvlwlrq sdwk qrw
ehfdxvh ri orzhu hpsor|phqw/ exw ehfdxvh ri orzhu surgxfwlylw|1 Surgxfwlylw| idoov
ehfdxvh lqglylgxdov duh lqgxfhg wr vxevwlwxwh dzd| iurp kxpdq fdslwdo lqyhvwphqw
+ixwxuh frqvxpswlrq, dqg lqwr fxuuhqw frqvxpswlrq1 Lqglylgxdov vxevwlwxwh dzd|
iurp kxpdq fdslwdo lqyhvwphqw ehfdxvh lwv uhwxuq +kljkhu ixwxuh zdjhv, lv wd{hg dw d
kljkhu udwh1 Dv wkh kxpdq fdslwdo vwrfn lv ghsohwhg/ uhgxfhg zhdowk ohyhov wudqvodwh
lqwr orzhu frqvxpswlrq1 Rqh pljkw h{shfw wkhvh uhgxfhg zhdowk ohyhov wr vwlpxodwh
hpsor|phqw wr vrph h{whqw/ exw zrunlqj djdlqvw wklv irufh lv wkh idfw wkdw wkh uhwxuq
wr zrunlqj idoov dorqj wkh wudqvlwlrq sdwk/ erwk ehfdxvh lqfrph wd{ udwhv duh ulvlqj
dqg ehfdxvh uhdo zdjhv duh idoolqj +dorqj zlwk uhgxfhg kxpdq fdslwdo,1
Lw lv lqwhuhvwlqj wr h{dplqh krz gl￿huhqw jurxsv lq vrflhw| ylhz wkh ghvludelolw| ri
wkh zhoiduh vwdwh/ erwk iurp d corqj0uxq* shuvshfwlyh +l1h1/ vlpso| frpsdulqj vwhdg|
vwdwhv,/ dqg wdnlqj lqwr dffrxqw wkh wudqvlwlrq g|qdplfv wrzdug wkh qhz vwhdg| vwdwh1
Iljxuh 9 uhfrugv krz prphqwdu| xwlolw|/ ￿| ’ *?ES|￿nf ￿bD*?E￿|￿/ hyroyhv iru hdfk
txlqwloh iroorzlqj wkh lpsohphqwdwlrq ri wkh zhoiduh vwdwh1 Dv wkh ￿jxuh pdnhv fohdu/
dqg dv lv frqvlvwhqw zlwk wkh vwhdg| vwdwh dqdo|vlv h{soruhg hduolhu/ wkh orqj0uxq xwlolw|
ohyhov duh kljkhu lq wkh zhoiduh vwdwh rqo| iru wkh erwwrp lqfrph txlqwloh1
Lq rughu wr jhw d ihho iru wkh txdqwlwdwlyh pdjqlwxgh ri xwlolw| jdlq ru orvv/ zh fdq
frqvwuxfw dq chtxlydohqw yduldwlrq* phdvxuh dv iroorzv1 Ohw
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Wkh ydoxh l￿ kdv wkh lqwhusuhwdwlrq ri ehlqj wkh pd{lpxp udwh ri frqvxpswlrq wkdw
dq lqglylgxdo ri w|sh ￿ zrxog eh zloolqj wr vdful￿fh +lq shushwxlw|, iru wkh rssruwxqlw|
ri uhpdlqlqj lq wkh odlvvh}0idluh uhjlph udwkhu wkdq ehlqj wudqvsruwhg lqvwdqwo| wr wkh
vwhdg| vwdwh ri wkh zhoiduh vwdwh uhjlph1 Wkxv/ l￿ lv d phdvxuh ri wkh zhoiduh orvv wkdw
zrxog eh uhdol}hg lq prylqj wr wkh zhoiduh vwdwh1 Iru rxu sdudphwhul}dwlrq/ wkhvh
zhoiduh orvvhv duh jlyhq e|=
Wdeoh 8
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l￿ ￿￿ff ￿D￿2 ￿.￿2 2￿￿. 2.￿￿ 2b￿b
Dv Wdeoh 8 uhyhdov/ wkh zhoiduh frvw dvvrfldwhg zlwk wkh zhoiduh vwdwh lv yhu| odujh iru
wkh xsshu irxu lqfrph txlqwlohv> wkhvh lqglylgxdov zrxog zloolqjo| vdful￿fh xs wr ￿fI
ri wkhlu frqvxpswlrq iru wkh rssruwxqlw| ri uhpdlqlqj lq wkh odlvvh}0idluh uhjlph1 Rq
wkh rwkhu kdqg/ wkh erwwrp txlqwloh zrxog kdyh wr kdyh lwv frqvxpswlrq dxjphqwhg
e| D￿2I lq rughu iru wkhvh shrsoh wr ehfrph lqgl￿huhqw ehwzhhq wkh vwhdg| vwdwh ri
wkh wzr uhjlphv1
Iurp Wdeoh 8/ lw lv fohdu wkdw wkh pdmrulw| ri lqglylgxdov vwurqjo| suhihu wkh odlvvh}0
idluh uhjlph wr wkh zhoiduh vwdwh uhjlph1 Lv wkhuh dq| zd| wr udwlrqdol}h wkh h{lvwhqfh
ri wkh zhoiduh vwdwh lq wkh frqwh{w ri wklv hqylurqphqwB Vxusulvlqjo| +wr xv/ dw ohdvw,/
wkh dqvzhu lv c|hv*1 Wr vhh wklv/ ohw xv frpsxwh wkh xwlolw| sd|r￿ ri lpsohphqwlqj
















￿| uhsuhvhqw wkh htxloleulxp frqvxpswlrq dqg ohlvxuh g|qdplfv
iroorzlqj wkh fkdqjh lq srolf|1 Lq rughu wr txdqwli| wkh zhoiduh orvv ri lpsohphqwlqj






iru hdfk lqfrph txlqwloh ￿￿ Wkh ydoxh 1￿ uhsuhvhqwv wkh pd{lpxp udwh ri frqvxpswlrq
wkdw dq lqglylgxdo ri w|sh ￿ zrxog eh zloolqj wr vdful￿fh +lq shushwxlw|, iru wkh
rssruwxqlw| ri uhpdlqlqj lq wkh odlvvh}0idluh uhjlph udwkhu wkdq kdylqj wr olyh wkurxjk
wkh wudqvlwlrq g|qdplfv dvvrfldwhg zlwk wkh lpsohphqwdwlrq ri wkh zhoiduh vwdwh1 Iurp
Iljxuh 9/ lw lv fohdu wkdw ￿‘7
￿ ￿￿ U‘7
￿ iru hdfk ￿/ vr wkdw l￿ :1 ￿￿ Lq rwkhu zrugv/ olylqj
wkurxjk wkh wudqvlwlrq g|qdplfv orzhuv wkh zhoiduh frvw ri lpsohphqwlqj wkh zhoiduh
vwdwh> wkh iroorzlqj wdeoh txdqwl￿hv wkhvh frvwv=
Wdeoh 9
L LL LLL LY Y
1￿ ￿ ￿ff ￿eS￿S ￿￿2￿￿ ￿f￿￿ H￿e 2￿￿￿
Hylghqwo|/ wkh vkruw0uxq prphqwdu|0xwlolw| errp uhvxowv lq d vljql￿fdqw uhgxfwlrq
lq wkh frvw ri lpsohphqwlqj wkh zhoiduh vwdwh/ zlwk wkh orzhu txlqwlohv h{shulhqflqj d
sursruwlrqdwho| juhdwhu ehqh￿w1 Wklv odujhu ehqh￿w dffuxhv iru wzr uhdvrqv1 Iluvw/ wkh
vkruw0uxq lqfuhdvh lq prphqwdu| xwlolw| lv sursruwlrqdwho| odujhu iru orzhu txlqwlohv/
ehfdxvh ri wkhlu sursruwlrqdwho| odujhu frqvxpswlrq dqg hpsor|phqw uhvsrqvhv/ dv
ghvfulehg hduolhu1 Vhfrqg/ wkh orzhu txlqwlohv dwwdfk d uhodwlyho| juhdwhu zhljkw wr
wkhvh vkruw0uxq ehqh￿wv dv d uhvxow ri wkhlu kljkhu glvfrxqw udwhv1 Dv d uhvxow/ wkh frvwv
ri lpsohphqwdwlrq duh qrz vr pxfk uhgxfhg wkdw wkh vhfrqg dqg wklug lqfrph txlqwlohv
dfwxdoo| suhihu lwv lpsohphqwdwlrq/ uhodwlyh wr uhpdlqlqj lq wkh odlvvh}0idluh vwdwh1
Khqfh/ txlqwlohv L￿LLL frxog suhvxpdeo| xvh wkhlu pdmrulw| wr yrwh lq d jryhuqphqw
frpplwwhg wr lpsohphqwlqj +dqg pdlqwdlqlqj, wkh zhoiduh vwdwh/ hyhq wkrxjk txlqwlohv
LL dqg LLL xqghuvwdqg wkdw wkh| zloo frph wr cuhjuhw* lwv lpsohphqwdwlrq1 Iru wkhvh
wzr txlqwlohv/ wkh vkruw0olyhg exw sur{lpdwh shulrgv ri cpluwk dqg odxjkwhu* pruh wkdq
pdnh xs iru wkh cvhuprqv dqg vrgd0zdwhu* wkdw rffxu rqo| lq wkh glvwdqw ixwxuh1 Dqg
iru wkh erwwrp txlqwloh/ wkh pluwk hylghqwo| qhyhu hqgv1
59: Zhoiduh Uhirup
Wklv vhfwlrq eulh | ghvfulehv +lq wkh devhqfh ri gldjudpv, wkh wudqvlwlrq g|qdplfv
wkdw wdnh sodfh zkhq wkh zhoiduh vwdwh lv uhpryhg dqg wkh hfrqrp| frqyhujhv wr wkh
vwhdg| vwdwh dvvrfldwhg zlwk wkh odlvvh}0idluh uhjlph1 Iru wkh prvw sduw/ wkh g|qdplfv
duh wkh vdph dv ghvfulehg hduolhu/ rqo| lq uhyhuvh1 Krzhyhu/ wklv wudqvlwlrq lv qrw d
vlpsoh pluuru lpdjh ri wkh hduolhu rqh/ sulpdulo| ehfdxvh wkh lqfrph0wd{ g|qdplfv
qrz glvsod| d vlpsoh cvwhs* sdwwhuq +iurp wkh lqlwldo vwhdg| vwdwh wr wkh qhz vwhdg|
vwdwh,/ zlwk qr fruuhvsrqglqj dgmxvwphqw shulrg1
Dv ehiruh/ zkloh wkh wudqvlwlrq shulrg dsshduv wr ydu| dfurvv txlqwlohv/ lw dsshduv
wkdw wkh exon ri wkh wudqvlwlrq lv frpsohwhg diwhu derxw wzhqw| |hduv1 Zlwk wkh h{0
fhswlrq ri wkh wrs txlqwloh/ doo rwkhu jurxsv lq wkh hfrqrp| h{shulhqfh dq lpphgldwh/
exw whpsrudu|/ ghfolqh lq wkhlu pdwhuldo zhoo0ehlqj dv phdvxuhg e| frqvxpswlrq h{0
shqglwxuh1 Wkh vhyhulw| ri wkh frqvxpswlrq ghfolqh lv juhdwhu iru srruhu lqglylgxdov1
Iru h{dpsoh/ wkh erwwrp txlqwloh lv frpshoohg wr uhgxfh frqvxpswlrq vshqglqj lq
wkh ￿uvw |hdu e| m￿fffc zklfk uhsuhvhqwv doprvw d DfI ghfolqh1 Lw wdnhv wkhvh lqgl0
ylgxdov d ixoo vl{ |hduv ri kdug zrun dqg lqyhvwphqw ehiruh wkh| uhfryhu wkhlu lqlwldo
ohyho ri pdwhuldo zhoo0ehlqj1 Eh|rqg wkh vl{wk shulrg ri dgmxvwphqw/ frqvxpswlrq
jurzv vwhdglo| eh|rqg lwv lqlwldo ohyho ri mS￿.f/ dssurdfklqj m..2￿ dv|pswrwlfdoo|1
Frqvxpswlrq dovr ghfolqhv iru wkh plggoh txlqwloh/ zkr sd| forvh wr }hur lq qhw wd{hv1
Wkh frqvxpswlrq ghfolqh khuh odujho| uhsuhvhqwv wkh dwwhpsw e| wkhvh lqglylgxdov wr
glyhuw lqfrph dzd| iurp frqvxpswlrq wrzdug kxpdq fdslwdo lqyhvwphqw/ zklfk kdv
qrz vxgghqo| ehfrph pruh dwwudfwlyh1
Doo jurxsv duh hqfrxudjhg wr lqfuhdvh wkhlu zrun h￿ruw lq uhvsrqvh wr wkh wd{
uhirup/ zlwk orzhu0lqfrph jurxsv grlqj wkh exon ri wkh dgmxvwphqw +kljkhu lqfrph
jurxsv duh douhdg| zrunlqj pdq| krxuv,1 Krzhyhu/ wkh hfrqrplf irufhv wkdw prwl0
ydwh wklv lqfuhdvhg zrun h￿ruw gl￿hu dfurvv txlqwlohv1 Iru srruhu lqglylgxdov/ zkr
duh lqlwldoo| qhw uhflslhqwv ri wudqvihu lqfrph/ wkh uhprydo ri jryhuqphqw0surylghg
rxwsxw2lqfrph pdnhv orqjhu krxuv ri zrun +dw vwloo yhu| orz zdjhv, qhfhvvdu| lq ru0
ghu wr pdlqwdlq pdwhuldo olylqj vwdqgdugv1 Iru ulfkhu lqglylgxdov/ zkr duh lqlwldoo|
5:qhw frqwulexwruv ri wd{ uhyhqxh/ ohlvxuh wlph lv qrz pdgh pruh ihdvleoh/ exw wkh uh0
prydo ri wkh glvwruwlrqdu| lqfrph0wd{ lqfuhdvhv wkh dwwudfwlyhqhvv ri zrun dqg ixuwkhu
lqyhvwphqw lq kxpdq fdslwdo1
Zlwk wkh h{fhswlrq ri wkh srruhvw lqglylgxdov/ diwhu0wd{ lqfrph ulvhv lq doo shulrgv
iroorzlqj wkh uhirupv1 Iru wkh wrs wzr txlqwlohv/ diwhu0wd{ lqfrphv ulvh ehfdxvh wkh|
sd| ohvv lq wd{hv dqg dovr zrun kdughu1 Iru wkh qh{w wzr txlqwlohv/ diwhu0wd{ lqfrphv
ulvh vroho| ehfdxvh ri lqfuhdvhg zrun h￿ruw1 Iru wkh erwwrp txlqwloh/ wkh lqfuhdvh lq
hduqhg lqfrph lv qrw lqlwldoo| vx!flhqw wr pdnh xs iru orvw wudqvihu lqfrph1
Uhprydo ri wkh zhoiduh vwdwh lv suhglfwhg wr lqfuhdvh shu fdslwd lqfrph gudpdwl0
fdoo| rq lpsdfw> wklv odujhu lqfrph lv wkh uhvxow ri juhdwhu zrun h￿ruw1 Vxevhtxhqwo|/
zrun h￿ruw ghfolqhv wr lwv qhz +dqg kljkhu, vwhdg|0vwdwh ohyho/ exw lqfrphv frqwlqxh
wr ulvh ehfdxvh zrunhuv duh ehfrplqj pruh surgxfwlyh1 Oderxu surgxfwlylw| ulvhv
wkurxjk wkh lqfuhdvhg lqyhvwphqw lq kxpdq fdslwdo vwlpxodwhg e| wkh wd{ uhirup1
Krzhyhu/ zkloh dyhudjh lqfrph ulvhv vkduso| rq lpsdfw/ vr grhv wkh ghjuhh ri diwhu0
wd{ lqfrph lqhtxdolw|1 Wr d odujh h{whqw/ lqfrph lqhtxdolw| lqfuhdvhv ehfdxvh wkh ulfk
duh jdlqlqj sursruwlrqdwho| pruh wkdq rwkhu fodvvhv/ dowkrxjk wkh orzhvw txlqwloh grhv
h{shulhqfh dq devroxwh ghfolqh lq diwhu0wd{ lqfrph1 Wkh prgho suhglfwv wkdw lqfrph
glvsdulw| zloo eh juhdwhvw zlwklq wkh ￿uvw ￿yh |hduv ri wkh uhirup> diwhu wklv shulrg
ri wlph/ lqhtxdolw| idoov vxevwdqwldoo|/ exw uhpdlqv kljkhu wkdq ehiruh +ri frxuvh/ wkh
ohyho ri lqfrph iru doo txlqwlohv lv dw wklv vwdjh kljkhu wkdq wkhlu lqlwldo ohyhov,1
Lw lv lqwhuhvwlqj wr h{dplqh krz hfrqrplf zhoiduh lv d￿hfwhg zlwk wkh uhprydo
ri wkh zhoiduh vwdwh1 Ri frxuvh/ zh douhdg| nqrz wkdw lq frpsdulqj vwhdg| vwdwhv/
wkh pdmrulw| ri lqglylgxdov suhihu wkh odlvvh}0idluh uhjlph1 Krzhyhu/ dv wkh htxlole0
ulxp wudqvlwlrq g|qdplfv wr wkh odlvvh}0idluh vwhdg| vwdwh lqyroyh vljql￿fdqw vkruw0uxq
frvwv +uhgxfhg frqvxpswlrq dqg lqfuhdvhg zrun h￿ruw,/ zhoiduh uhirup pd| qrw eh















￿| uhsuhvhqw wkh htxloleulxp frqvxpswlrq dqg ohlvxuh g|qdplfv
iroorzlqj wkh fkdqjh lq srolf|1 Lq rughu wr txdqwli| wkh zhoiduh orvv ri lpsohphqwlqj






iru hdfk lqfrph txlqwloh ￿c zkhuh ￿‘7
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￿ ￿ lv wkh
xwlolw| sd|r￿ dvvrfldwhg zlwk wkh vwhdg| vwdwh ri wkh zhoiduh vwdwh/ zkhq vxemhfw wr d
frqvxpswlrq cwd{* 1￿￿ Wkh ydoxh 1￿ uhsuhvhqwv wkh pd{lpxp dprxqw ri frqvxpswlrq
wkdw dq lqglylgxdo ri w|sh ￿ zrxog eh zloolqj wr vdful￿fh +lq shushwxlw|, iru wkh rssru0
wxqlw| ri uhpdlqlqj lq wkh zhoiduh vwdwh uhjlph udwkhu wkdq kdylqj wr olyh wkurxjk wkh
wudqvlwlrq g|qdplfv dvvrfldwhg zlwk wkh lpsohphqwdwlrq ri wkh odlvvh}0idluh uhjlph1
Wkxv/ 1￿ jlyhv xv d txdqwlwdwlyh phdvxuh ri wkh zhoiduh frvw ri lpsohphqwlqj wkh
uhprydo ri wkh zhoiduh vwdwh> iru rxu sdudphwhul}dwlrq/ wkhvh qxpehuv duh=
Wdeoh :
L LL LLL LY Y
1￿ ￿ ￿ff e.￿D ￿e￿2 ￿f￿￿ ￿￿￿￿. ￿2￿￿b
Iurp wkh deryh wdeoh/ lw dsshduv wkdw zkloh wkh erwwrp wzr txlqwlohv zrxog ￿qg wkh
glvpdqwolqj ri wkh zhoiduh vwdwh h{wuhpho| glvdjuhhdeoh/ wkh pdmrulw| ri wkh srsxodwlrq
zrxog dfwxdoo| yrwh lq idyrxu ri wkh uhirup/ zlwk wkh plggoh txlqwloh ehlqj forvh wr
lqgl￿huhqw1
; Vxppdu| dqg Frqfoxvlrqv
Lq wklv sdshu/ zh kdyh ghyhorshg d wkhru| ri wkh glvwulexwlrq ri lqfrph dqg dssolhg
lw wr ydulrxv txhvwlrqv frqfhuqlqj wkh olnho| hfrqrplf frqvhtxhqfhv ri uhglvwulexwlrq
srolf|1 D sdudphwhul}hg yhuvlrq ri wkh prgho zdv fdoleudwhg wr pdwfk nh| surshuwlhv
ri wkh Fdqdgldq gdwd rq diwhu0wd{ lqfrph glvwulexwlrq/ oderxu vxsso|/ dqg jryhuqphqw
srolf|1 Wkh prgho zdv irxqg wr glvsod| d frqvlghudeoh dprxqw ri khwhurjhqhlw| dorqj
vhyhudo hfrqrplf glphqvlrqv/ hyhq wkrxjk lqglylgxdov gl￿huhg ixqgdphqwdoo| rqo| lq
wkhlu udwh ri wlph0suhihuhqfh1
Wkh fdoleudwhg prgho zdv wkhq xvhg wr looxvwudwh krz ydulrxv k|srwkhwlfdo fkdqjhv
lq jryhuqphqw srolf| pljkw lq xhqfh wkh ohyho dqg glvwulexwlrq ri hduqhg lqfrph/
5<diwhu0wd{ lqfrph/ frqvxpswlrq/ oderxu vxsso| dqg zhoiduh1 Lq frpsdulqj vwhdg|
vwdwhv/ pruh jhqhurxv zhoiduh vwdwhv jhqhudoo| uhvxowhg lq orzhu dyhudjh ohyhov iru
hdfk ri wkhvh yduldeohv dfurvv txlqwlohv> wklv h￿hfw zdv sulpdulo| wkh frqvhtxhqfh ri
ghsohwhg kxpdq fdslwdo vwrfnv eurxjkw derxw e| wkh glvlqfhqwlyhv sxw lq sodfh e|
glvwruwlrqdu| lqfrph wd{hv zklfk uhgxfhg wkh uhwxuq wr kxpdq fdslwdo lqyhvwphqw1
Rqh h{fhswlrq wr wklv ￿qglqj zdv zlwk uhvshfw wr wkh zhoiduh ohyho ri wkh erwwrp
txlqwloh/ zklfk zdv vkrzq wr lqfuhdvh ryhu d udqjh ri cprghudwh* uhglvwulexwlrq srolf|1
Lw zdv dovr vkrzq wkdw zkloh uhglvwulexwlrq srolf| uhgxfhg lqhtxdolw| lq frqvxpswlrq
dqg diwhu0wd{ lqfrph/ lqhtxdolw| lq hduqhg lqfrphv/ oderxu vxsso| dqg kxpdq fdslwdo
zdv lqfuhdvhg1
Lq vwxg|lqj wkh wudqvlwlrq g|qdplfv iurp odlvvh}0idluh wrzdug wkh vwhdg| vwdwh
dvvrfldwhg zlwk vrph jlyhq uhglvwulexwlrq srolf|/ zh irxqg wkdw wkh htxloleulxp wud0
mhfwrulhv hqwdlohg d vkruw0uxq cxwlolw| errp* iroorzhg e| vwhdglo| ghfolqlqj xwlolw| ohyhov
iru doo txlqwlohv1 Iru wkh uhglvwulexwlrq srolf| frqvlghuhg +prghoohg diwhu Fdqdgd,/
orqj0uxq xwlolw| ohyhov zhuh orzhu iru hyhu|rqh zlwk wkh h{fhswlrq ri wkh erwwrp txlq0
wloh1 Krzhyhu/ wkh vkruw0uxq xwlolw| errp wrjhwkhu zlwk srvlwlyh glvfrxqwlqj lpsolhv
wkdw wkh xwlolw| sd|r￿ dvvrfldwhg zlwk lpsohphqwlqj wkh uhglvwulexwlrq srolf| lv frq0
vlghudeo| kljkhu wkdq wkh xwlolw| sd|r￿ dvvrfldwhg zlwk wkh vwhdg| vwdwh ri wkh uhglv0
wulexwlrq srolf|1 Frqvhtxhqwo|/ lw pd| wxuq rxw +dv lw glg zlwk rxu sdudphwhul}dwlrq,
wkdw d pdmrulw| ri lqglylgxdov zrxog idyrxu lpsohphqwdwlrq ri wkh zhoiduh vwdwh/ hyhq
dqwlflsdwlqj wkdw wkh| zloo lq vrph vhqvh eh zruvh r￿ lq wkh orqj0uxq1 Wkxv/ qrw rqo|
grhv wkh prgho surylgh dq h{sodqdwlrq iru wkh hphujhqfh ri d zhoiduh vwdwh/ exw lw dovr
klqwv dw uhdvrqv iru zk| glvvdwlvidfwlrq zlwk wkh zhoiduh vwdwh pd| jurz ryhu wlph1
Lqghhg/ zkhq zh frqvlghuhg wkh vwhdg| vwdwh dvvrfldwhg zlwk d Fdqdgldq0vw|oh zho0
iduh vwdwh/ zh irxqg wkdw d volp pdmrulw| zrxog dfwxdoo| eh lq idyrxu ri lwv uhprydo1
Frqvhtxhqwo|/ rxu prgho pd| eh deoh wr surylgh wkh xqghuslqqlqjv iru d srolwlfdo
prgho wkdw ihdwxuhv dowhuqdwlqj hslvrghv ri colehudo* dqg cfrqvhuydwlyh* jryhuqphqwv1
Wkhuh duh d qxpehu ri reylrxv zd|v lq zklfk wkh prgho deryh pd| eh iuxlwixoo|
prgl￿hg1 Zkloh xvhixo dv dq looxvwudwlyh ghylfh/ wkh prgho*v txdqwlwdwlyh lpsolfdwlrqv
fdqqrw eh wdnhq wrr vhulrxvo|1 Lqwurgxflqj dq dowhuqdwlyh wudgdeoh dvvhw/ olnh sk|vlfdo
63fdslwdo/ zrxog olnho| eh uhtxluhg lq rughu wr duulyh dw pruh suhflvh hvwlpdwhv> lq
dqrwkhu sdshu/ Dqgroidwwr dqg Uhghnrs +4<<;, surylgh d iudphzrun doorzlqj iru
vxfk dq h{whqvlrq1 Lqfrusrudwlqj ￿qdqfldo pdunhwv zrxog eh lqwhuhvwlqj/ dowkrxjk
vrph irup ri eruurzlqj frqvwudlqwv zrxog olnho| eh qhfhvvdu| lq rughu wr jxdudqwhh
wkh h{lvwhqfh ri d qrqghjhqhudwh vwhdg|0vwdwh glvwulexwlrq ri zhdowk1 Rqh srvvleoh
wzlvw frxog eh wr doorz rqo| wkh jryhuqphqw wr eruurz> grlqj vr zrxog doorz rqh
vwxg| wkh rswlpdo wlplqj ri wd{hv lq ￿qdqflqj dq| jlyhq srolf| uhirup1
Rqh vkruwfrplqj ri rxu prgho lv wkdw lw dwwulexwhv doo khwhurjhqhlw| lq kxpdq fds0
lwdo wr gl￿huhqfhv lq glvfrxqw udwhv1 Vxuho|/ d jrrg sruwlrq ri wkh dfwxdo furvv0vhfwlrq
yduldwlrq lq kxpdq fdslwdo fdq eh dffrxqwhg iru e| vlpsoh olih0f|foh frqvlghudwlrqv>
khqfh/ uhghyhorslqj wkh dqdo|wlfdo iudphzrun deryh lq d olih0f|foh prgho frxog suryh
xvhixo1 Grlqj vr lq frqmxqfwlrq zlwk h{solflw uhihuhqfh wr srolwlfr0hfrqrplf htxlole0
ulxp frqfhswv pd| suryh hvshfldoo| lqwhuhvwlqj> vhh Nuxvvho/ Ulrv0Uxoo dqg Vplwk
+4<<:, dqg Frroh| dqg Vrduhv +4<<;,1 Iru h{dpsoh/ rqh pljkw dvn wr zkdw h{whqw
zhoiduh uhirup zrxog eh klqghuhg e| roghu jhqhudwlrqv zkr yrwh nqrzlqj wkdw wkh|
duh qrw olnho| wr olyh pxfk eh|rqg wkh gl!fxow wudqvlwlrq shulrg147 Dv zhoo/ olih0
f|foh frqvlghudwlrqv zrxog jhqhudwh vrph prelolw| iru lqglylgxdov dfurvv lqfrph dqg
zhdowk txlqwlohv/ zklfk lv d ihdwxuh ri wkh gdwd> vhh iru h{dpsoh Vfkloohu +4<::, dqg
Mldqdnrsorv dqg Phqfkln +4<<:,1
D jurvv devwudfwlrq lq wkh dqdo|vlv deryh lv wkh devhqfh ri lglrv|qfudwlf xqfhu0
wdlqw|1 Krzhyhu/ wkh lpsruwdqfh ri wklv dvvxpswlrq olnho| ghshqgv rq wkh vhw ri
txhvwlrqv wr eh dgguhvvhg1 Zh frqmhfwxuh wkdw lqfrusrudwlqj lglrv|qfudwlf xqfhu0
wdlqw| +lq vd|/ wkh surgxfwlylw| ri lqglylgxdo kxpdq fdslwdo vwrfnv, zrxog jr d orqj
zd| lq dgglqj wr wkh ghvfulswlyh uhdolvp ri wkh prgho*v suhglfwlrqv/ hvshfldoo| lq whupv
ri lqfrph prelolw|/ exw lv xqolnho| wr dowhu dq| ri wkh pdlq frqfoxvlrqv gudzq deryh1
Krzhyhu/ rqh srvvleoh h{fhswlrq wr wklv odvw vwdwhphqw pd| eh lq wkh suhglfwhg zhoiduh
ehqh￿wv ri uhglvwulexwlrq srolf|/ zklfk duh olnho| wr lqfuhdvh vrphzkdw/ hvshfldoo| li
sulydwh lqvxudqfh pdunhwv duh lqfrpsohwh> vhh Dqgroidwwr dqg Jrpph +4<<9,1
47Lq h￿hfw/ wklv lv d yduldqw ri rxu glvfrxqwlqj vwru|/ dw ohdvw/ wr wkh h{whqw wkdw shrsoh ixoo|
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FIGURE 5
Income-Tax Rate Following Implementation






5 10 15 20 25 30 35 40 45 50
FIGURE 6
Momentary Utility Following Implementation
of the Welfare State
6:< Uhihuhqfhv
41 Dqgroidwwr/ Gdylg dqg Sdxo Jrpph +4<<9,1 ￿Xqhpsor|phqw Lqvxudqfh dqg
Oderu0Pdunhw Dfwlylw| lq Fdqdgd/￿ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq
Sxeolf Srolf|/ 77= 7:￿;51
51 Dqgroidwwr/ Gdylg dqg Mdphv Uhghnrs +4<<;,1 ￿Khwhurjhqhrxv Wlph0Suhihuhqfh
dqg wkh Glvwulexwlrq ri Zhdowk/￿ Pdqxvfulsw= Xqlyhuvlw| ri Zdwhuorr1
61 Ehfnhu/ Jdu| V1 dqg Fdvh| E1 Pxooljdq +4<<:,1 ￿Wkh Hqgrjhqrxv Ghwhuplqd0
wlrq ri Wlph Suhihuhqfh/￿ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ F[LL+6,= :5<￿:8;1
71 Exuelgjh/ M1E1/ Pdjhh/ O1 dqg D1O1 Uree +4<<9,1 ￿Fdqdgldq Zdjh Lqhtxdo0
lw| ryhu wkh Odvw Wzr Ghfdghv/￿ Zrunlqj Sdshu <9￿34= PfPdvwhu Xqlyhuvlw|/
Fdqdgd1
81 Frroh|/ Wkrpdv I1 dqg Mrujh Vrduhv +4<<;,1 ￿D Srvlwlyh Wkhru| ri Vrfldo
Vhfxulw| Edvhg rq Uhsxwdwlrq/￿ Zrunlqj Sdshu= Xqlyhuvlw| ri Urfkhvwhu1
91 Ilvkhu/ Luylqj +4<3:,1 Wkh Udwh ri Lqwhuhvw/ Pdfploodq1
:1 Iuhxg/ Vljpxqg +4<44,1 ￿Irupxodwlrqv rq Wzr Sulqflsohv ri Phqwdo Ixqfwlrq0
lqj/￿ lq Wkh Frpsohwh Sv|fkrorjlfdo Zrunv ri Vljpxqg Iuhxg/ [LLL/ Krjduwk
Suhvv/ Orqgrq1
;1 Mldqdnrsrorv/ Qdqf| dqg Sdxo Phqfkln +4<<:,1 ￿Zhdowk Prelolw|/￿ Wkh Uhylhz
ri Hfrqrplfv dqg Vwdwlvwlfv/￿ O[[L[+4,= 4;￿641
<1 Mrydqrylf +4<<:,1 ￿Ylqwdjh Fdslwdo dqg Lqhtxdolw|/￿ iruwkfrplqj lq wkh Uhylhz
ri Hfrqrplf G|qdplfv1
431 Mxvwhu/ I1 Wkrpdv dqg Iudqn S1 Vwd￿rug +4<<4,1 ￿Wkh Doorfdwlrq ri Wlph= Hp0
slulfdo Ilqglqjv/ Ehkdylrudo Prghov/ dqg Sureohpv ri Phdvxuhphqw/￿ Mrxuqdo
ri Hfrqrplf Olwhudwxuh/ [[L[+5,= 7:4￿8551
6;441 Nuxvvho/ Shu/ Ulrv0Uxoo/ Ylfwru0Mrv￿ dqg Dqwkrq| D1 Vplwk +4<<:,1 ￿Srolwlfr0
Hfrqrplf Htxloleulxp dqg Hfrqrplf Jurzwk/￿ Mrxuqdo ri Hfrqrplf G|qdplfv
dqg Frqwuro/ 54= 576￿5:51
451 Nuxvvho/ Shu dqg Dqwkrq| Vplwk +4<<:,1 ￿Lqfrph dqg Zhdowk Khwhurjhqhlw| lq
wkh Pdfurhfrqrp|/￿ iruwkfrplqj lq wkh Mrxuqdo ri Srolwlfdo Hfrqrp|1
461 Odzudqfh/ Hplo| F1 +4<;:,1 ￿Wudqvihuv wr wkh Srru dqg Orqj Uxq Vdylqjv/￿
Hfrqrplf Hqtxlu|/ 58= 78<￿7:;1
471 Odzudqfh/ Hplo| F1 +4<<4,1 ￿Sryhuw| dqg wkh Udwh ri Wlph Suhihuhqfh= Hyl0
ghqfh iurp Sdqho Gdwd/￿ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <<+4,= 87￿::1
481 Olwwoh/ Euxfh +4<<8,1 ￿Wkh Jds wkdw Zdqwv wr eh d Fkdvp/￿ Wkh Joreh dqg
Pdlo/ Prqgd|/ Mxo| 431
491 Ohy|/ Iudqn dqg Ulfkdug M1 Pxuqdqh +4<<5,1 ￿X1V1 Hduqlqjv Ohyhov dqg Hduq0
lqjv Lqhtxdolw|= D Uhylhz ri Uhfhqw Wuhqgv dqg Sursrvhg H{sodqdwlrqv/￿ Mrxu0
qdo ri Hfrqrplf Olwhudwxuh/ [[[+6,= 4666￿46;41
4:1 Pdlwdo/ Vkorpr dqg Vkdurqd Pdlwdo +4<::,1 ￿Wlph Suhihuhqfh/ Ghod| Judw0
l￿fdwlrq dqg wkh Lqwhujhqhudwlrqdo Wudqvplvvlrq ri Hfrqrplf Lqhtxdolw|= D
Ehkdylrudo Wkhru| ri Lqfrph Glvwulexwlrq/￿ lq Hvvd|v lq Oderu Pdunhw Dqdo|0
vlv lq Phpru| ri \rfkdqdq Shwhu Frpd|/ Hglwhg e| Ruoh| F1 Dvkhqihowhu dqg
Zdoodfh H1 Rdwhv/ Mrkq Zloh| ) Vrqv1
4;1 Pr!ww/ Urehuw D1 +4<<3,1 ￿Wkh Glvwulexwlrq ri Hduqlqjv dqg wkh Zhoiduh
Vwdwh/￿ lq D Ixwxuh ri Orxv| MrevB Hglwhg e| Jdu| Exuwohvv/ Wkh Eurrnlqjv
Lqvwlwxwlrq/ Zdvklqjwrq/ G1F1
4<1 Pxuud|/ Fkduohv D1 +4<;7,1 Orvlqj Jurxqg= Dphulfdq Vrfldo Srolf|/ 4<83￿4<;3/
Edvlf Errnv1
531 Rjdnl/ Pdvdr dqg Dqguhz Dwnhvrq +4<<:,1 ￿Udwh ri Wlph Suhihuhqfh/ Lqwhuwhp0
srudo Hodvwlflw| ri Vxevwlwxwlrq dqg Ohyho ri Zhdowk/￿ Wkh Uhylhz ri Hfrqrplfv
dqg Vwdwlvwlfv/ O[[L[+7,= 897￿8:51
6<541 Rovrq/ Pdfxu dqg Pduwlq M1 Edloh| +4<;4,1 ￿Srvlwlyh Wlph Suhihuhqfh/￿ Mrxuqdo
ri Srolwlfdo Hfrqrp|/ ;<+4,= 4￿58
551 Udh/ Mrkq +4;67,1 Vwdwhphqw ri Vrph Qhz Sulqflsohv rq wkh Vxemhfw ri Srolwlfdo
Hfrqrp|/ Ervwrq= Klooldug/ Jud|/ dqg Fr1/ Uhsulqwhg e| Dxjxvwxv P1 Nhooh|/
Errnvhoohu/ Qhz \run +4<97,1
561 Udpvh|/ Iudqn S1 +4<5;,1 ￿D Pdwkhpdwlfdo Wkhru| ri Vdylqjv/￿ Hfrqrplf
Mrxuqdo/ 6;= 876￿88<1
571 Vfkloohu/ Eudgoh| +4<::,1 ￿Uhodwlyh Hduqlqjv Prelolw| lq wkh Xqlwhg Vwdwhv/￿
Dphulfdq Hfrqrplf Uhylhz/ 9:= <59￿<741
581 Vwdwlvwlfv Fdqdgd +4<<9,1 ￿Lqfrph Diwhu Wd{/ Glvwulexwlrqv e| Vl}h lq Fdqdgd
4<<7/￿ Fdwdorjxh Qr1 46￿543￿[SE/ Rwwdzd1
591 Vwrnh|/ Qdqf| O1 dqg Urehuw H1 Oxfdv/ Mu1 +4<;7,1 ￿Rswlpdo Jurzwk zlwk
Pdq| Frqvxphuv/￿ Mrxuqdo ri Hfrqrplf Wkhru|/ 65= 46<￿4:41
73